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i PREFACE
I The population of the State of California is inereas-protection of fish and wildlife in the face of such~° ing at a phenomenal rate with the great mass of new-development requires ready knowledge and a weakh

I

comers settling near metropolitan centers, of whichof background material concerning the resources, as
the San Francisco Bay Area is the second largest inwell as an ambitious investigative program to evaluate
the State. the effects of proposed water appropriations or devel-

Natural corollaries of. population growth are theopmental projects on the resources. Frequently, eon-

iI need for greater recreational opportunity and addi-siderable data and descriptive information exist but, all
tional food supplies, both of which may be satisfied
in part by adequate supplies of dean water and fishtoo often, these are in obscure or widely scattered

and wildlife resources. Unfortunately, in the Bayplaces.
I I Area, population and industrial growth have broughtThe present report represents the author’s efforts

about tremendous decreases in fish and wildlife habitatto assemble in a single volume pertinent information
through !and reclamation, water development pro j-regarding fish and wildlife of the San Francisco Bay
ects, and water pollution. Furthermore, the resourcesArea. It has been compiled in the hope that it will
have been subjected to a relentless increase in huntingprove informative and useful to those agencies which,
and fishing pressure. Thus, they have suffered a two-through their primary responsibility of guiding water
fold effect-greater utilization and loss or deteriorationdevelopment and quality, also influence the destinyI of the fish and wildlife resources. In addition, it isof environment.

Water is a prime necessity of any community and
its quality directly affects not only such communityintended that the report will be of service to those

assets as industry, but also the area’s recreational po-agencies and individuals directly responsible for the

I tential in the form of boating, swimming, hunting ormanagementand protectionof fish and wildlife.

fishing, and its esthetic values. Finally, it is hoped that it will serve to inform the
Water appropriation and development projects areinterested public of the aesthetic and economic wealth

I 6~curring everywhere at a tremendous rate. Adequateof their fish and wildlife heritage.

I
I
I
!
I
I
!

I
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INTRODUCTION
San Francisco Bay and the nine counties whichThe Bay and Delta were the natural wintering

border it comprise the San Francisco Bay Area. Nogrounds for hordes of waterfowl which were shot
other area in California can match the rich fisheriesby the millions for sport, table and market. Deer,
potential of this region. This .p°tential lies in theantelope, elk and other wild ~ame were also prominent

. .wealth of marine life found within its bays and adjac-in the markets of earlySan Francisco.
;i.lent coastal waters, and is enhanced by a unique corn-Thus San Francisco was immensely benefited in its
~ilbination of physical and geographical features. Actingformative years by a bounteous supply of fish and
.as a transition zone between the cold, productivewildlife. Even as the wildlife resources in the immedi-

::Waters of the Pacific Ocean and the nutrient-ladenate area declined, San Francisco continued for many
:i:i~¢aters of the Sacramento and San Joaquin Rivers, Sanyears as an important shipping center for all sorts of
~.!Francisco Bay provides the habitat and passageway forwild game, furs, waterfowl and fishery products.
i,-.:a .variety of highly desirable aquatic organisms. Serious inroads on all segments. Of. the.fish and wild-
’ii!i~i:i::~::!i~"The City," as San Francisco is frequently referredlife resources prompted the legislatui~e, to pass a law
/to, and many of the surrounding communities as well,entitled "An Act to provide for .the i’e~t0ration and
~ .owe their origin to the excellent natural harbor andpreservation of fish in the waters of this State,’" which
bountiful resources provided by the bay. was approved April 2, 1870. The first "Commissioners

"~" of Fisheries for the State of California" were appointed
4. Mission Dolores, founded in 1776 by the Spaniardsas a result of this act. This body immediately obtainedwas the first civilized establishment on the peninsula,fish screen and ladder legislation for the protection of
. .The Spanish had previously selected San Jose in Santasalmon; imported alien species of fishes from the East
.".Clara County in 1770, as the site for the first pueblo,and Midwest; and obtained legislation curtailing the
"or town, in Alta California. These settlements and latertake of waterfowl and shorebirds.deer,:( ~he other missionsalong the El Camino Real were used "
~ :i~iS:collection centers for sea otter pelts as early as 1.785.Major changes in the philosophy offish and wildlife

management occurred after 1870. Not only was. re-,.!.The padres bartered with the Indians to obtain pelts
".~0r the Mexican strictive .legislation enacted, but in addition, other acts
~. government, were instituted for the enhancement and protection
’ The abundance of these valuable fur-bearing mare-of the environment and for the acquisition and dis-
i.!mals first established San Francisco as a trade center,semination of biological knowledge. Anti-pbllution
iBy 1800 Russian, French, American and British shipslegislation, the specific designation of certainareas as
~(were common at the port of San Francisc° in ~he quest~iidljfe:refuges and sanctuaries, the establishment.
i.for sea otter and fur seals. a Wildlife protection force, and the scientific investiga-
/~i!) Whaling became a prominent industry along thetion of fish and wildlife were all inaugurated.
.~oast of California about 1840, and by 1880 San Fran-.The skyrocketing population, couple~ with indus-

...... ~cisc0 was ~hailed as ~the whaling capital 6f the World.’ ¯ -tri~l~- ~rii] ~i~i~i]l~r~l~~i~b~vt~h ]n~ th~ Ba~r A]X~. i~e~
.:i~!;.i:! The .discovery of gold, January 24, 1848, in thesuked in a tremendous lossof wildlife. The resources
South Fork of the American River, at Coloma, E1were overhunted or overfished. In addition, habitat
-Dorado County, brought thousands of immigrants towas, and continues to be, modified, vitiated or de-
"The City" on their way to the gold fields. Yerbastr0yed at an alarming rate.
Buena, as San Francisco was originally called, a townDams for power, flood control, irrigation and water
of 375 in August, I847, (California Star, April, 1848)supply diminished anadromous fish populations by
swelled to 25#00 by 1849 (Soule’s Annals of San Fran-cutting off spawning areas and modifying water flows
eiseo, 1849). below dams. Excessive water diversion has caused en-

The inhabitants quickly exploiting the tire streams to dry up; unscreened diversions havenew began
natural resources of their new surroundings. The localtaken an enormous toll of fish. Reclamation of wet
abundance of fish and shellfish presaged the futurelands has resulted in vast reductions of waterfowl
importance of this industry to the ~area. The first or-habitat and hence lowered abundance of these birds.
ganized commercial fishery was developed betweenHunters and trappers have eliminated several game and
1848 and 1850 when a colony of Italian immigrantsfur species, and reduced others almost to the point of
began netting the salmon of the Sacramento and Sanextinction.
Joaquin Rivers and seining sardines, herring and flat-Fortunately, the recreational, economic and esthetic
fishes in San Pablo and San Francisco Bays. Soon afterbenefits of fish, wildlife and clean water are becoming
crabs and shrimps were added to the growing fisheries,increasingly apparent to the public.

[~1
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FIGURE I. San Francisco 1847. The Ferry Building is presently located at about the same position as the ship marked "A" .in the drawing.
Photograph from Final Report of San Francisco Bay Marine Piling Committee, Hill ~nd Kofoid, 1927.

Californians spent an estimated 487 million dollarsthis magnitude as well as providing food, health and
in 1955 on hunting and fishing activities, according torecreation is clearly manifest.
a survey by the Department of Fish and Game. TheMany conservation measures in the form of legis-
money spent on fishing alone ($319,112,000) waslation have been taken to preserve our wildlife her-
more than two and a half times the total amountitage, and a large force of wildlife protection officers
spent the same year on admissions to theaters andrigidly enforces them. Valuable contributions are
athletic events. The primary value of the 1955 corn-being made by the technical staff through scientific
mercial fish catch-that is to the State’s fishermen-research and its application to management of the
was 53 million dollars. At the consumer level the valueresources. Although far from complete, our kn0wl-
would be Several times this amount. No price tag can

edge of life histories, food habits, population dynamics,be attached to the incalculable esthetic and therapeutic
benefits of fishing, hunting, and other aquatic recrea-diseases and general ecology of our wild creatures is
tion~ but’ the benefits certainly contribute significantlygradually accumulating, and is well known for some
to the health and well-being of our people, species. This work must continue so that we can

The necessity of protecting, enchancing and per-describe and predict the impact of man’s activities on
petuating the resources which generate an economy ofthe aquatic environment.
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FISH AND WILDLIFE RESOURCES, SAN FRANCISCO BAY AREA 13

Future methods of fostering our fish and wildliferegion extends from Point Arena, Mendocino County,
resources must, to a large degree, deal directly withon the north to Pigeon Point, San Mateo Connty, on
the environment of the atximals by modifying orthe south, and inland along the Sacramento River to
creating habitat for enhancement of the resources andthe City of Sacramento.
by preventing environmental deterioration. For historical information, the early literature and

records of the U. S. Bureau of Fisheries were relied
Purpose and Scope upon heavily. In the absence of quantitative statistics

The intended purpose of this report is to provide    on catches or abundance, pertinent descriptive and
documentary material is presented. Beginning about

pertinent information concerning the distribution,1870, both the State and Federal agencies began corn-
abundance, utilization and economic value of thepiling catch statistics for a number of commercial
more common or important fish and wildlife speciesspecies. Since 1915, of course, excellent records of the
in the Bay Area. commercial fish landings in California have been avail-

Since quantitative records concerning fish and wild-able.
life frequently have been and still are tabulated on aAsfaras the commercialfisheriesare concerned,
county basis, the nine counties surrounding San Fran-the data are adequate to show the general abundance
cisco Bay form the basic unit for presenting much ofand value of the resources since historical times. Unfor-
the quantitative data in this report (Figure 3). Corn-tunately, similar records for waterfowl, game animals,
mercial fishery data, after 1915, are based upon theand the freshwater fisheries are not available. There-
statistical areas established by the Department of Fishfore, the information on these groups is necessarily
and Game (Figure 4). The San Francisco and Sacra-restricted to whatever could be gleaned from scattered
mento areas have been combined for the purposes of in the early literature from statements in ’accounts or
this report to obtain the landings of the San Franciscothe files and records of the Department of Fish and
Bay Area. Thus ~for commercial fisher~ purposes theGame.

FIGURE 2. San Francisco Bay from Yerba Buena cave about 1853. Angel Island is in the background. Photograph from Final Report of
San Francisco Bay Marine Piling Committee, Hill and Kofold, 1927.
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- I Systematic records relating to the take of many,~ssential features of these surveys, their validity and
game and fur mammals have been initiated in the lastreliability have been discussed by Calhoun (1950).
thirty or forty years. Records of the number ofRecipients of questionnaires are chosen by selecting
licensed fur trappers date from 1917, and records ofa random sample of the State’s licensed anglers or hunt-

. ~heir catches from about 1922. Deer kill figures first’ers. Although their primary function serves to indicate
became available in 1927 when tags were required tochanges in the trends, the postal questionnaires.are also
hunt deer. Records for other game species are esti-useful to a limited extent in estimating the general

I mates based on postal surveys which were begun aboutmagnitude of the catches of a few species. These sur-
.~ 1948. veys also yield valuable information about the Iota-

Sport catch records for a number of freshwater fishtions fished and hunted and amount of time spent
species were first obtained in I936 through the usefor various species.

I of postal questionnaires. This system has been con-In 1938 a system of party boat sport fishing records
tinued primarily to observe trends in the fisheries. Thewas inaugurated. In the Bay Area these are particu-
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FISH AND ~VILDLIFE RESOURCES, SAN FR~NClSCO BAY AREA                   17

lady useful in obtaining data on the catches and expen-Population
diture of effort for salmon, striped bass and sturgeon.

Quantitative data on waterfowl were first obtained The reported population of the Bay Area was

in 1948. The U. S. Fish and Wildlife Service and the3,639,000 in I960 or approximately 23 percent of the

Department of Fish and Game cooperatively makeState’s total. A long range estimate by the State Divi-

annual inventories of migratory waterfowl winteringsion of Highways places the 1980 population at about

in the State. The Department also maintains two pub-8,000,000. Table 1 shows the approximate distribution

lie shooting areas in the San Francisco Bay Areaof the Bay Area population by county.
where accurate statistics on kill and hunter use are
obtained. TABLE 1

DISTRIBUTION OF. POPULATION OF THE
SAN FRANCISCO BAY AREA IN 1957Geography

County Incorporated Cities Unincorporated Kreas
The geographical area encompassed by this reportAlameda 765,977 2,830

(see Figure 3) includes all or parts of the nine Coun-Contra Costa ~ 221,409 37,800
ties of Sonoma, Matin, Napa, Solano, Contra Costa, Matin 54,917 4,790
Alameda, Santa Clara, San Mateo and San Francisco,Napa 22,H7 .593

San Fr.ancisco ~ 775,357
and is identical with the San Francisco Bay Hydro-San Marco 295,603 10,26-~
grapic Unit No. 2 shown in Department of Water Santa Clara ___~ 329,127 ~
Resources Bulletin No. 3. The area is comprised essen-Sonoma 52,4~2 6,455
dally of all basins draining into the Pacific Ocean southSolano 72,~77 ~

of Tomales Point, Matin County and north of Pesca-A considerableproportionof thepopulationeither
dero Point, San Marco County. hunts or fishes or both. In 1957, for example, more

The lineal distance along the coast is about 120 milesthan 1,430,000 angling licenses and 666,000 hunting
and the width averages about 45 miles; thus, approxi-licenses were sold in the State. These figures represent
mutely 5,400 square miles are involved. 10.1 and 4.7 percent respectively of the State’s total

The area lies within the Coast Range of mountains,population. Thus, it may be assumed that the Bay
which except for the gap at the Golden Gate, formsArea has an estimated population of about 261,000
an unbroken barrier bet~veen the Pacific Ocean and theanglers and 122,000 hunters.
Central Valley of California.

The region is comprised primarily of two life zones:
the "Transition Zone" generally along the west slopeCommerce and industry

Of the Coast Range and the "Upper Sonoran Zone" onThe geographical features of the area have led to
"the east. The dividing line between the two life zonesits development as one of the world’s leading ports
i~oughly coincides with the edge of the coastal red-of commerce. The Bay Area, with its excdlent har-
dwood belt. bur facilities and thorough accessibility by ship, has
"~ Despite the fact that about 500 square miles, or al-developed large industries in food products, paper,
-most ten percent of the total area is occupied by water,metal, petroleum and textiles. There are extensive
the region is deficient in natural lakes and permanentagricultural lands producing fruit, vegetables, dairy
Streams, the great bulk of the water mass being estu-products, grains and wine. Salt and cement products
Urine in nature. However, water development activitiesare produced in large quantities directly from the Bay.
have resulted in the creation of a large number ofThe geographical setting has also made the area a
freshwater storage reservoirs, strategic location for military bases and shipyards.
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FISHING PORTS
California Fishing Ports by W. L. Scofield (1954) northern cod, By 1880 there were 16 San ~Francisco

is a veritable history .of fishing in this State. Of 273vessels in the cod fishery and at one time there were
ports listed by him, 83 are found in the Bay Area20 such ships. At this time there were four salmon
and at one time or another have been identified with .canneries at San Francisco. Later on, the catching .of
some phase of the fishing industry. For each port hecrabs in the bay by the use of baited lift ring nets
lists the origin of the settlement, type of fishing ac-became a leading fishery of the port and is still car-
tivity, and the general magnitude of the operation. Ated on in the ocean outside the bay, largely by fish-
complete list of ports in the Bay Area counties isermen of Italian descent. The first shipment of spiny
included in Appendix A-1 (For map, see Figure 6.)lobsters from Santa Barbara to San Francisco occurred
Typical of his treatment of this subject are the ae-in 1872 and this grew into a big business.
counts for San Fr.anciseo and Hunter’s Point which"With completion of the transcontinental railroad
follow: in 1869, oyster spat from the Atlantic Coast was

~$an Francisco: Located on San Francisco Bay justgrown in the bay. By 1880 San Francisco had be-
inside the Golden Gate on the northern end of thecome the chief fishing port of the Pacific Coast and
San Francisco Peninsula. The entrance to the bay washandled more fish than all the combined ports from
discovered in 1769 and seven years later the SpanishMexico to Puget Sound. In 1888 the amount of fresh
established a presidio (1776) and Mission San Fran-fish handled in the port was estimated at 10 to 11
eiseo de Asis known as Mission Dolores. The citymillion pounds per year. In the fish trades these were
was started (59 years after the presidio was estab-big figures for those days. Small scale part-time fishing
lished) by Win. A. Richardson who had come toin the bay had been carried on with the establishment
the cove of Yerba Buena (good herb) 13 years earlierof the presidio. The first full-time commercial fisher-
(!822). He lived in a tent and later built the firstmen were a group of Italians who came to San Frah-
house (1835). By .1836 there were two houses. Verycisco in 1848 and they soon spread to other portsi~of
~soon, however, there was a thriving tent city at whatthe State. They used the small Mediterranean lateen
is now known as downtown San Francisco. Richard-sail boats from which they fished hand lines, beach
son traded with Mission San Jose by a small boat andseines, and gill nets, but the introduction of the Medi-
later was made captain of the port by the eomman-terraneau drag or paranzella net in 1876 flooded the
dante general, Vallejo. So Yerba Buena had an earlymarkets with fish and drove down the prices, pa!d
start as a trading p6rt. The first lighthouse in theto fishermen. In the meantime Portuguese had entered
State was erected on Alcatraz Island in 1855 and bythe San Francisco fisheries. Many had left the Azore
this time the port was the center of the growingIslands when a pest ruined the vineyards. The State
fisheries of the State. It became the place where allbuilt a fishermen’s wharf in 1884 at Union and Green
fish of the State was shipped except the small amountsStreets. bu~ for many years.past.the .foot of Taylgr
iased for local consumption. Itwas the headquartersStreet and west to the foot of Leavenworth Street
for the whaling ships of the Pacific Coast and be~has been considered as the location of Fisherman’s
came the greatest whaling rendezvous of the worldWharf. In June, 1889, the first sardine cannery in ,the
in the 1880’s. State opened at North Beach, San Francisco. The

"The first great fishery of the State was for salmonChinese stuck by their sailing junks and continued to
and it was the need for guarding the supply of this. monopolize the shrimp and sturgeon fisheries. The
fish that led to the establishment of the original Cali-first steam tug for trawling was introduced at San
fornia Fish Commission (1870) which later (1878)Francisco in 1885 and by 1892 steam power was re-
became the Fish and Game Commission. San Fran-placing sail. At this time fishermen were beginning to
cisco was the shipping point for most of the canneduse cracked ice but they had not yet started cleaning
and mild cure salmon. Chinese fishermen developedfish at sea.
a great sturgeon fishery in the Bay area, and they"Through the 1880’s and 1890’s San Francisco was
are reported as having started salmon beach seiningto fishermen and the general populace ’the City’. Then
about 1864. The bay shrimp fishery, started in 1869its glory as a fishing port began to fade. Whales be-
by Italians was soon taken over by the Chinese andcame scarce and sea otter were long gone. Salmon
their use of staked bag nets began in 1871. runs had declined and the canneries had closed. Strin-

"The first cargo of Alaska cod (1864) came intogent laws had prohibited the taking of sturgeon. Bay
San Francisco for repacldng and it initated what he-shrimps could not compete with ocean prawns. Eureka
came a thriving business in resalting and gradingcrabs broke the monopoly of the San Francisco Crab
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Fishermen’s Union. The fleet of trawlers transferred"The Chinese fishing camps (sturgeon and shrimp)
headquarters from San Francisco to Eureka (1935-have had the most colorful and, to us, exotic history
1940).. With truck transportation almost every portof all the fishing operations in the State. Power boats
was a potential shipping point. There was a revivalhave replaced sailing junks but the choice places to
when the sardine industry boomed (1934-1946). Can-fish and the shrimp gear used have changed little
neries and reduction plants mushroomed in the Baythrough the years. The triangular trap nets were
area but that gold mine was soon worked out and moststaked to the mud bottom in a line and changed with
of the canneries closed their doors, the ’flow of each tide. They were ingenious and etii-

"In the last 20 years the fish deliveries at San Fran-cient. The hand woven nets were distinctly a Chinese
cisco have fluctuated from 9,000,000 pounds in 1946piece of gear seen nowhere else in the State.
and 1947 to 90,000,000 in the peak year 1941. The"Chinese families acquired the exclusive right to the
figures have been influenced by the deliveries duringbest fishing grounds and for a certain consideration
the big years of the sardine industry. The average forwould farm out the fishing privilege quite contrary
20 years has been 43,000,000 pounds per year. In 1951to our law but in accordance with a more binding
the leading species were albacore, crab, salmon, sole,Chinese precedent. Destruction of some small fish in
shrimp, rockfish and lingcod, the shrimp nets opened an opportunity for unscrupu-

"Sport fishing for striped bass in the delta area haslous politicians to propose hampering legislation so
had a spectacular growth in the last 15 or 20 yearsthat a campaign fund to kill the bill would be collected
and several thousand sportsmen of San Francisco nowfrom the Chinese. The fishermen knew they were
indulge. They also troll for salmon in the bay areabeing robbed but they paid rather than fight. After
and outside the Golden Gate with shorter periods ofall, such methods had been familiar to them and their
albacore trolling ’outside the gate’. In 1952 there wereancestors for centuries past in Cathay.
in the San Francisco area 118 party boats and many"In 1875 it was estimated that there were 1,500
more privately owned sport fishing boats." Chinese engaged in catching and drying shrimp in the

~Hunter’s Point: Located on the east side of theSan Francisco area. In~ 1897 there were 26 shrimp
San Francisco Peninsula jutting into San Franciscocamps in the bay region but the number had been
South Bay across from Alameda and five miles southreduced to 19 by 1910 and now only the camps at
of downtown San Francisco. Since the early days ofHunter’s Point remain to remind us of what once was
fishing in the bay, this point has been well known fora great fishery. These camps produced a dried product
its Chinese shrimp camps. Through the years, therefor export and supplied the San Francisco markets
have been three or four camps (now only two) eachwith small but splendidly flavored shrimps. It was the
made up of several boat crews, living quarters, shedscustom in several San Francisco restaurants to placea
for cooking and grading the catch, wooden platformsheaping plate of cooked shrimps before the patron
for sun drying shrimp, net tanning vats, dry racks forso that he could nibble while looking over the menu.
nets and gear storage sheds. Each had a rickety dockMost of Hunter’s Point is now reserved by the U.S.
where boats tied up and unloaded. Navy."
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THE COMMERCIAL FISHERIES

EARLY HISTORY Shore whaling started in Monterey,Bay in 1851; a
The early development of San Francisco was duestation existed there through the 1930’s. Other sta-

in no small way to the abundance of fish and wildlifetions were located along the Pacific Coast but almost

r(sources so near at hand. As the fur industry wanedall marketed their products at San Francisco. The

arid the gold rush began, San Francisco became themethod employed at the time was for whale boats to

haven of a great many immigrants; many from suchcruise within a 10-mile radius of the shore station and

traditional fishing nations as Sicily, Italy, Greece, Par-tow captured whales ashore for processing. Of the
sixteen stations in California, three were located in thetugal, China and Japan, who recognized the great
Bay area. These were at Bolinas Bay, Half Moon Bay,wealth to be found in these waters,
and Pigeon Point. When the latter station was aban-

.. Little is known about the B.ay fisheries before thedoned in 1895 it brought to a close one of the most
’immigrants began to exploit them, although Scofieldfabled aspects of the California fishing industry. A1-.
(1954), recorded the fact that Juan Batiste de Anza,though shore whaling ceased, San Francisco remained
who visited Carquinez Strait in 1776, had observedthe chief port on the Pacific Coast for offshore
the Indians of the many villages along its shores usingwhalers.
’nets and fishing from rafts which they used to cross
the Strait. The first Italian immigrants arrived in SanWhile on the subject of whaling, it is interesting
.Francisco in 1848 and began to seine for salmon, her-to note that a processing plant has been operating in
ring; mackerel, anchovy, smelt and "whitebait". Later,Richmond the last few years, the only station of its

kind in California.bottom fishes were taken and boats and nets were
i~devised to fish the waters outside the Golden Gate.
IBy !869 the shrimp and crab resources were .also beingCodfish Packing

"?~!"iA list of the more common marine and commercialAnother interesting phase of the early fisheries of
fish species is given in Appendix B1. San Francisco is described by Scofield (1954): "An
. account of California fish canning is not complete

Whaling without mentioning the picturesque codfish packing
.̄~ plants of San Francisco Bay. For a 75-year period
~ ~Whaling became a major industry along the Cali-(1863-1937) Alaska codfish were repacked, either hard

f0rnia Coast about the time of American occupation,salted, dried, brined, filleted or put up in tins at plants
i848-50. By 1880 San Francisco laid title to the whal-in the Bay Area. The Union Fish Company plant at
~!ing capital of the world. Shore stations establishedBelvedere on Richardson Bay (Marin County) oper-
during that era still remain as fishing ports. Earl3~ lite-ated for three quarters of a century and the Alaska
rary accounts of shore whaling provideample evi-Codfish Company packed for a short period at Red-
r d ence of the abundance of these mammals along thewood City (San Mateo County). Schooner rigged
’California Coast. Col. A. S. Evans (1873)in Sketchessailing vessels out of San Francisco fished Alaskan
of Life i’n the Golden State mentions that from onewaters by the old New England system of the mother
spot between Half Moon Bay and Pescad, ero, heship dropping off dories with one or two fishermen
counted not less than 15 whales. Goode (1884) quotedeach to handline the cod. The fish were cleaned and
Scammon (1874) thus: "It has been estimated ap-salted aboard the schooner and returned to San Fran-
proximately, by observing men among the shore whal-cisco for repacking. Later the preliminary salting
mg parties that a thousand whales [California grayaboard ship was supplemented by Alaskan shore sta-
whales] passed southward daily from the 15th of De-dons but mother ships out of San Francisco continued
cember to the Ist of February for several successivetill the end of the period when the long haul from
seasons after shore whaling was established which oc-Alaska was no longer profitable.
cuffed in 1851". In interpreting this he reduced the
~timate to 30-40 thousand whales per season from"This salted codfish brought into the State was not

1853 to 1856. During their occurrence along the Cali-recorded in our tables of fresh fish landings but the
forrtia Coast gray whales frequented shallow wateroperation was a California enterprise and the Alaska
and lagoons and were easily sighted and captured. Bytrips added to our store of romantic yarns of our
1884 Goode reported the number passing along thefisheries, including the shanghaied sailors from the San
coast had dwindled to less than 40. Francisco waterfront bars and the Barbary Coast."

[~31
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FISH AND WILDLIFE RESOURCES, SAN FRANCISCO BAY ARRA

I
Other Fisheries were among so many thousand into the contracted

space of a few feet, and are unable in their most stren-
A description of the fisheries of the Bay Area inuous efforts to release themselves from their perilous

I
the year 1870 was provided by a Captain E. Wakemancondition.
who at the request of the newly appointed State Board"They are to be found in large quantities, floating
of Fish Commissioners made a survey of the fisheries,upon the water, completely drowned. Still a very

i His account is contained in the Commissioner’s firstlarge number revive and swim off again. ~vVhereas,
biennial report (1870-71). Selected portions of his re-heretofore, the custom appears to have been to dump

- port follow: the whole catch upon the beach and, after picking
"Since the date of my commission I have visitedout all they wanted, the young were invariably left

I with the yacht ’George Steers’, repeatedly, all the fish-upon the beach, becoming, in many parts, a most in-
ing grounds that are frequented by the Italian andtolerable nuisance to perstns residing in the vicinity.
Chinese fishermen in the waters of our bay. The onlyA new order of things has been inaugurated this year,~ ,. Chinese fishing station that I find is located a shortwhich is found to work .to the mutual benefit of alli ¯ distance north of the ’Two Sisters’. Here, on an ex- concerned. Five boats be foundparties aregenerallyto
tensive mud flat, are stakes or poles set firmly in thein different parts of this bay’; and fish are taken at all
ground, and occupying an area of several miles in ex-times of tide, both day and night. Two boats are gen-

~ ~1 tent, from which poles are kept constantly set the netserally employed between the bay anal the Golden
which are taken up at each slackwater of the floodGate. They cast on both shores north and south, for
and ebb tide. From twelve (12) to fifteen (15) boatsthe same kind of fish; and also in Kashaw’s Harbor,
are employed having three (3) men in each boat.two and sometimes three boats are found both night

I Shrimps are taken here and cured for the Chineseand day, at all times of the tide. During the night fires
market by being boiled in large vats in salt water, thenare made upon the beach, and frequently these fires

: spread out on the cleanly swept ground and fried incan be seen, not only on all the different beaches in~ the sun, being raked over frequently during the day.Saucelito Bay and Kashaw’s Harbor, but also on bothI T~he scales or skin become separated from the meatsides ofRaccoonStraits, givinga most picturesque
and looks like fine sawdust. The meat and refuse isand cheerful aspect during the long and gloomy nights
then sown up in the best quality of bags and placedwhich prevail in most parts of our harbor at this sea-

i on board the Chinese junk of about thirty tons andson of the year.
sent to San Francisco, from whence it is shipped to"These Italians are a singular and peculiar people,
China. Scarcely any class of fish are taken in thesealways sober and industrious, and like the Chinese,
nets but shrimp, and thousands of tons must find theirthey pursue their avocations in silence. During the

I way to China annually. Their nets are similar to thosesilent and tedious hours of the night some are found
used by the Italians with this difference, viz: the mid-sleeping in close proximity to the fire, with their hur-
dle of the net, which assumes the character of a bag,hess on, face down, which appears to be the universal
is with the Chinese, opened by untying a string; andpractice among all classes of the different races ofI the whole catch is dropped into the boat with ease. whopeople areaccustomedto sleepupontheground
The net is then closed again with the string and putin the open air. From Raccoon Straits to the Chinese
back into the water to remain until next slack. Threefishing station;’on the north shore, are several favorite

i. I of these nets generally toad a large boat, which areplaces where the nets of the Italians are cast, with
all of a large and commodious class, various success. The same class of fish being taken

!         "Saucelito (sic) Bay is constandy used by the Ital-from the ’Sisters’ up to Petaluma, nothing but stur-
.: .. inns, smelt [atherinids probably comprised the bulkgeons are found untilwe come to Vallejo, where there

I of the smelt catch with small quantities of true smelt,]is a mackerel trap fishery.
being the principal fish, with soles, flounders, sardines,"Down on the south shore we find two (2) Italian
and anchovies. In some cases nothing but crabs areboats on the San Pablo flats, and two more at a favorite

I taken which destroy the nets and irritate the men sopoint to the north of Sheep Island, [Brooks Island],
that they are inclined to leave them on the beach towhere there is another mackerel trap fishery.
die; but I have had, in all cases, everything that was"Two boats are employed at Sheep Island. They not
not marketable put back into the water. In fact, crabsonly cast .upon the beach, but generally fish at night

I are the only fish that are !eft upon the beach, all otherunder sail only, pulling round and towing the nets.¯ kinds being taken out of the nets ~vith tin pans, theThe same fish, smelts, flounders, sardines, anchovies,
nets. being in about from one to t~vo feet of water,and soles, are taken here.
All that part of the catch that is desired is taken and"Two boats are frequently employed around Goat

~¯ thrown into the boat without coming in contact withIsland [Yerba Buena Island], two at Oakland Wharf,
the sand and dirt, and the small fish are permitted toand two at Alameda Wharf. Large quantities are taken
remain in the water; nevertheless, large quantities ofall along the Alameda Flats, some 10 miles to the

I the young fish die from pressure or other cause arisingsouthward of Alameda, and on the west coast from
from the fact that they have been compressed as itRedwood Slough, all along until we come to Baybien
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[Bayview] where there is a favorite resort to repairlines outside and in the neighborhood of the FarallonI
and dry their nets find take out their boats." Ishnds, chiefly for rockfish. (3) Paranzella (drag net)1

Further information on the early fishery of the Bayfishing, the most productive, both in the Bay and out-
was obtained from "Fisheries of the Pacific Coast" byside the Golden Gate. (4) Purse-net fishing for shrimp1
David Starr Jordan in The Fisheries and Fishery In-and small fish by the Chinese in the Bay. I
dustries of the United States Goode, (1887). Jordan at About 85 boats were employed in fishing and 25
that time stated, "The City of San Francisco is theto 35 seines were in use on the Bay about 1875, mostly
metropolis of the Pacific fisheries and almost all theon the Alameda and Contra Costa side. Herring,was¯
products of every sort, which are not consumedapparently the principal species taken from the Bay|locally, come hither for use or shipment. For fishingitself, although smelt, flounders, "tomcod’, rockfish,
products generally, on the Pacific Coast, the marketsturgeon, salmon and shark were reportedly caught in
of San Francisco is the only one of importance",quantity. 1

The principal methods and fishing locations at theSix to eight lateen rigged boats, each with 30 to 35
time were: (1) By means of seines, gill nets, and hook-bunches of lines, were employed in trawl line fishing
and-line in San Francisco Bay and neighbgring shores,for rockfish. Smelt or sardines were used as bait.
The great majority of San Francisco fishermen wereParanzella fishing was initiated in 1876. This type of1
engaged in this type of fishing. (2) Fishing with trawlfishing was so successful it lowered the market price of
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fish greatly and caused considerable economic hardshipthose entering the San Francisco markets. They pro-
among the seine fishermen. About six boats, each cost-vialed knowledge on the relative abundance and dis-
ing an estimated $1,000, were employed in this type oftribution of many species.
fishing. The nets used cost about $250 to $300 apiece.The South Bay apparently was the most productive
At the time, the paranzella fishing grounds werearea in the region. Prodigious quantities of the native
located between Pt. Reyes and an offshore point aboutoyster and other shellfish were found there. The litera-
l0 miles to the southwest, ture indicates this was the major area for smelt and

The Chinese shrimp fishery was well developed bycontributed substantially to the shrimp catch. Smelt
1880. A colony at Bayview, in the southern part ofwere taken chiefly on the East side of the bay off
San Francisco, consisted of 24 men, 100 seines and I1Alameda from November to February.
junks. Other colonies were located along San Marco, productionMussel reached 3,000,000 pounds or

Santa Clara, Contra Costa, and Maria County shores,more according to Wilcox (1893) but many of these
The Italian fishermen serried at the foot of Vallejo(probably common littleneck clams) were taken in

Street, about the Vallejo Street Wharf. This had beenTomales Bay.
.their quarter since 1850. Apparently the shark fishery, although not par-

. About 1880, 200 men depended entirely on fishing,ticulady exploited, was also centered in the South

300 to 400 depended chiefly on fishing, and aboutBay.

1,000 were occasional fishermen. About 1,500 womenCrabs were first taken on the San Francisco side

and children were supported by fishermen, of the Bay and in Richardson Bay. Catch data are not

Here, the first fishermen’s union on the Pacific Coastavailable to show the amount. These grounds and

was founded when the "Fishermen’s Protective andthose along the Marin County shoreline were rapidly

Benevolent Association" was organized in 1877 anddepleted and the fishery moved outside the Golden
established an office on Vallejo Street. Gate.

Jordan states that I886 was a time of depressionAccording to Collins (1892) 35-40 boats were en-
and that the value of fishery products was poor. gaged in the herring fishery which centered in Rich-

. .Twenty years earlier, five dollars was a small price
ardson Bay between October and March.

.~0r a whole salmon; in 1862 and 1863 they commanded
The North Bay, including San Pablo Bay, was

as much as one dollar per pound in the San Franciscothe primary shrimping grounds. Several Italians initi-

markets. The salmon fishery had reached such propor-ated the fishery in 1869 but the shrimp net introduced

ti0ns by 1863 that Hapgood and Hume establishedin 1871 by the Chinese was so successful it promptly

the world’s first salmon cannery. It was situated onput the Italians out of business. The maximum number

the Sacramento River at Washington [Broderick],of shrimp camps set up is not positively known but

Yolo County, across from Sacramento. at least 26 were located around the bay in 1897,
according to Scofield (1919).

)ii:..A!though quantitative data were extremely meagerSturgeon were taken chiefly in the shallow fiats on
prior to 1875, the evidence is sufficient to show thatthe north side of San Pablo Bay, in the bend west of
the fisheries already were well de;celoped. Up to thisPinole Point and in..the..bay from Pinole Point to
~ime few boats Ventured outside the Golden Gate,Point San Pablo, Collins states.
since the Bay itself provided a plentiful supply of allFlounders were taken all over the bay, but prin-
kinds of fish. in San Pablo Bay Collins.cipally accordingto

..The earliest net fishing for salmon occurred about "
1850, soon after the Italian fishermen arrived. They
alsb initiated the shrimp fishery in 1869, the use of the THE COMMERCIAL FISHERIES FROM

in and for number of 1870 TO ] 915paranzella 1876, responsibleare a
other innovations. The steam engine, introduced intoThe fisheries resources of the Bay Area came under
the fishing fleet in 1885, made fishing outside theespecially heavy exploitation between 1870 and 1915.
Golden Gate more reliable. The existing resources were prosecuted severely, new

The California State Board of Fish Commissioners,species of fish and shellfish were imported to increase
the U.S. Bureau of the Census, and the U.S. Commis-production, and the fishing fleet extended operations
sioner of Fish and Fisheries began recording catch sta-into the offshore waters.
tisfics on the fisheries of the Bay Area about 1875.The newly appointed Commissioners, eager to aug-
These are given in a subsequent part of this reportment the native fauna, imported a variety of exotic
e0neerned with the economic aspects of the eommer-species from the East Coast of the United States, some
Cial fisheries, of which were spectacularly successful and eontri-

Another fortunate contingency was the presence ofbuted greatly to the commercial catch. Striped bass,
such great naturalists as Ayres, Jordan, Gilbert, Gill,shad, eastern oyster and softshell clams were the most
Evermann, and others who studied the ichthyologicalnoteworthy from the commercial point of view.
fauna in detail. These men identified and classifiedOne of the most promising ventures was the culture
the fishes of the Bay Area and took particular note ofof eastern oysters. They were imported about 1870,
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alone had from the thirteenth biennial of the State Boardgrew favorablyandby 1900 oysters ex- report
panded to a million dollar a year industry. The in-of Fish Commissioners (1893-94).
dustry originally was restricted to San Francisco Bay"At and about San Francisco are located the most
but later was carried on in Tomales Bay also. Theextensive fisheries to be found on the coast. Captain
success of the initial oyster introduction gave impetusJ.W. Collins, of the U. S. Commission of Fish and
to the industry which eventually became the singleFisheries, has said: ’As a whole, San Francisco and
most valuable fishery in the state. Landings are re-vicinity may be considered one of the leading fishing
ported to have exceeded fifteen million pounds incenters of the United States, and its possibilities for
1892. development in that direction are believed to be very

Clams and mussels also figured prominently in shell-great.
fish production during this period. From the few"’The geographical features of San Francisco are
thousand pounds gathered by the Chinese on the mud-particularly favorable to the development of the fish-
flats of the South Bay about 1865, the annual clamcries. A review of San Francisco fisheries, however, is
production surpassed two and a half million pounds,naturally made to include the adjacent counties of
The eastern softshell clam was accidentally introducedAlameda, San Marco, Santa Clara, Contra Costa, Solano,
with oysters about 1870 and became very abundant.Sonoma, Matin, Sacramento, Tehama, and Shasta. The
The market for this shellfish grew until by 188~. moreheadquarters of the fishing industry in most of these
than a million and a half pounds a year were beingcounties is in San Francisco.
taken from San Pablo Bay and South San Francisco"’The marine fisheries of this region are so im-
Bay. portant as to exceed in value of combined products

By 1892 crab landings rose to an estimated 2,750,000the value of fish taken at all similar fisheries on the
pounds while the shrimp catch surpassed five millionPacific Coast. In addition to the large local fisheries,
pounds. San Francisco is also extensively interested in the

The quantity of fisheries products from the Baywhale, fur-seal and cod fisheries, the products of which
itself began to decline before 1900. This probably wasreach a very considerable value.
due in the main to overfishing, but there is little ques-"’The extent and importance of the shore or local
tion but what pollution, siltation and ship wastesfishing-grounds of San Francisco may best be appre-
hastened the decline and prevented recovery. Theelated when it is considered that the entire area in-
shellfish fisheries were particularly vulnerable and thecluded within San Francisco, San Pablo, and Suisun
companies engaging in this industry simply had tobays, constitutes good fishing-grounds. Extensive fish-
abandon their beds. Some idea of the extent of poilu-cries are also maintained outside the heads, from Pi-
tion in the Bay is provided by Mr. W. N. Loekington,geon Point to Point Reyes, and as far west as the
who at the time, was studying the fishes of this Coast.Farallon Islands; also in Tomales Bay, the Sacramento
Mr. Lockington in the Biennial Report of the State
Board of Fish Commissioners for 1878-79 wrote the

and San Joaquin Rivers, and numerous tributary

following: "Already the fishery carried on in the Baysloughs. These waters contain many species of fish,"

of San Francisco is much less productive than it wascrustaceans, mollusks, and so forth, and afford the
in the early days of the American occupation; speciesfisherman some kind of a catch for every month in

that were abundant fail to attain their full dimensions,the year. So extensive is the supply of fish from all

Nor is ~over-fishing the sole cause of this. The constantsources that in the matter of the market prices there
hurrying to and fro of the numerous ferry-boats andis never any cause for complaint from the consumers.
other steamers, indispensable to our comfort, tends"’San Francisco is the chief fishing center of this
to drive away the timid finny tribes, whilst the ashesentire region, although salmon fishermen work from
and cinders let fall injure the character of the bottom,nearly every town of any size on the Sacramento

"But the injury from this source is small comparedRiver. By far the greater number of men, however,
with that inflicted by the constant fouling of themake their headquarters in San Francisco, going from
waters and consequent destruction of life by the foetidthere to the various fishing-grounds and then return-
inpourings of our sewers.., into the waters to polluteing in time to market their catch in a fresh condition.
them for the destruction of creatures of which human"’Several Chinese camps are located at different
beings are largely dependent for the means of life.points on San Francisco and San Pablo bays. The
As the supply in San Francisco Bay has become limitedChinese are principally engaged in catching shrimp,
the scene of wholesale destruction is now shifted towhich are dried and then exported to China and the
Tomales Bay whence a very large proportion of ourHawaiian Islands.
fish is now brought". "’Until a few years ago there were several large

The position of the Bay Area in the State’s fisheriesstations devoted to the curing of cod. The business
at that time is described in the following accountwas then quite extensive, but of late years it has been
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permitted, for various reasons, to decline, until now"’Flounders, rock-fish, perch, carp, and sturgeon
the station at California City is the only one in opera-are found in the market at all seasons. Salmon and
tion. The decrease in the value of the product eom-smelt are also found throughout the year; the former,
meneed prior to 1888, and has continued ever since,however, being more plentiful during the summer

"’San Francisco is the headquarters of the Pacificmonths, and the latter during the winter. Shad are
whaling fleet, and of many vessels engaged in sealingvery abundant from October to June, and only about
operations. Space does not permit of an extensive out-one-third as many are taken as could be were these
line of these fisheries, which fact is to be regretted, asfish in greater demand. Sardines and mackerel are
there is much of interest that might be written, very abundant during the summer. Many fish are sent

from San Francisco to the markets of the interior,"’Besides the sloops used for carrying oysters to
and the exports of dried and canned fish amount tomarket, and salmon ~to the canneries, and the. steam

tugs employed for outside fishing, nearly all of themany thousand pounds a year. The large majority of

fishing craft used are srhall boats, the greater numberthe men engaged in the fishing in this region are

being feluccas. The regular salmon boat is in use onnatives of the countries of Southern Europe, and

the Sacramento River. almost the entire number are foreigners.

"’On account of the great variety of fish caught,"’It would be much more satisfactory had we the
and the character of the different fishing-grounds,figures at hand to make a comparison of the different
nearly all kinds of gear are used. The large paranzellabranches of the fisheries of this region, but unfortu-
nets are hauled upon the banks off Point Reyes bynately, in compiling the data no division has been made
steam tugs, and take the greater proportion of floun-prior to 1892.
ders and soles. Many of the fishermen use troll lines"’There were 4,430 men engaged in the fishery
and trawls the greater part of the year in fishing out-industry in this territory in 1892, an increase of 171
side the heads for cod [probably lingcod and sable-since 1888. In 1888, there were 1,023 vessels and
fish] and rockfish. Gill-nets are operated whereverboats used, and in 1892, the number had decreased to
the fish happen to be temporarily abundant. The900. There was an investment of $2,541,730 in 1888,
salmon, smelt, herring, and shad, as well as severaland although the amount invested in the whaling fleet
other varieties, are taken in this manner, had fallen off nearly a million dollars in 1892, there

"’Smelts and sardines are also taken with seines,was a decrease of but $206,897 in the total investment.
and in the upper Sacramento gill-nets are used asIn 1892 the value of the product ~vas $2,793,535, a de-
seines in taking tile salmon. The sturgeon are takencrease of $1,402,329, on account of the decline in the
on sturgeon lines to which are attached large hooks,whale and seal fisheries. This still leaves, however, the
Hoop nets are used in taking the crabs, extremely large valuation of $2,793,5~5 to be credited

"’While many of the varieties are taken in all partsto this region, which is justly considered one of the
of San Francisco and San Pablo bays, some pointsfinest in the world, not only because of the large vari-
furnish much better fishing for some varieties thanely of fish at hand, but moreover, because of its mug-
others. Smelt are found in the greatest abundance innificent possibilities.
the southern portions of San Francisco Bay. The"’Aside from the benefits our people derive directly
salmon are chiefly taken in the Sacramento River andfrom the food fisheries, it nmst be remembered that
adjacent sloughs, and in Suisun Bay, although goodwe are so situated as to be able to send the products of
catches are sometimes made in San Pablo Bay. Athis industry to foreign lands, and thus add a consid-
favorite locality for flounders is in the northern parterable amount to the income afforded by domestic
of San Pablo Bay. The principal catch of sturgeon istrade. Unti! the establishment of the new stemnship
made in Suisun Bay, although these fish are also foundlines from northern points a few years ago, a consid-
in San Francisco and San Pablo bays, and in the lowererabte portion of the output from British Columbia
Sacramento River. Shad are found in these localitiesand the Columbia River was shipped to foreign coun-
where salmon are taken. Striped bass, carp, and cat-tries from San Francisco. Thcse shipments have not
fish are most abundant in the San Joaquin River andonly ceased since steamers commenced running from
adjacent sloughs. Oregon, Washington, and British Columbia, but more

"’Naturally the San Francisco market is at all timesthan this, bccause of favorable, transportation rates,
well supplied with fish. It is true of this market, as ofsome of the dried and shellfish products of San Fran-
all others on the coast, that for lack of proper han-    cisco fisheries have been sent north for insteadexport,
dling when caught, the fish, by the time they are
offered for sale, are far from being fresh as they

of being shipped, as formerly, direct from San Fran-

should be. No ice is used, and very rarely are the fish. cisco. The following table shows a decided decrease of

cleaned before the market. This results e.xports in 1893, because the low prices for canned sat-beingsentto
from the great plentitude of fish, and from the factmon in England and the British Provinces made it ad-
that fislaermen are able to market their catch withinvantageous for the dealers to place their season’s pack
such short distance of the place of capture, on the home market:’"

!
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TABLE 2 By 1890 the shad catch had to be curtailed to keep
EXPORTS OF FISH FROM SAN FRANCISCO from glutting the market. The salmon catch twice

IN 1892 AND 189.3 reached more than ten million pounds and for a 27-
CodfishzSpecies $26,681.001892 $21,412.001893 year period averaged over six million pounds. Oyster

.Iproduction was reported to have reached more than
Dried fish 34,439.00 27,0~3.00 15 million pounds; and shrimp five to ten million
Salmon, canned ....1,810,567.00 621,336.00 pounds consistently, until 1911 when legislative action
Salmon, in barrels __ 46,986.00 44,157.00 restricted Chinese shrimping activities. I
Other canned fish .... 10,715.00 9,828.00 Fresh fish, of course, were the mainstay of the in-Oysters 9,655.00 7,432.00
Other shell-tish ....226,063.00 188,532.00 dustry and during this period the quantities landed

increased each year. The bottom or trawl fisheries for
Totals .... $2,16~,106.00 $919,740.00 sole, flounders, and similar species continued to expand

I1 raost ~,elr m~s~a= co~. with improyed techniques, and extension of the fishing
grounds outside the Golden Gate.

Between 1870 and 1915 the fisheries of the BayIn 1892, the Bay Area accounted for 93 percent ofI
proper reached maximum production. Practicallythe State’s commercial fishery products, 94 percent of
every species fished commercially was taken in recordthe fisheries investments and 80 percent of the men
quantities, employed in fishing. Before this the Bay" Area was re-

!10
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sponsible for an even larger proportion of the State’sticket" system. Since 1950 these records have been
¯ fishery statistics. The products marketed in the Baymade out in quadruplicate.

Area in 1892 are shown in Table 3. The data are fromThrough this system the State is able to collect,
the thirteenth biennial report of the State Board ofcompile, and statistically evaluate commercial fish
Fish Commissioners (1893-94). landings. The records have proven invaluable in as-

In 1908 the Bay fisheries, excluding the ocean, con-sessing the value of the resources and in detecting the
tributed 42 percent of the total California catch andchanging status of individuaI fisheries. They are also
64 percent of the total value. As a matter of fact, theuseful in comparing the various fisheries of the state.
Sacramento River fisheries alone accounted for 32 per-Statistics have been compiled individually since 1916
cent of the quantity (salmon, shad, striped bass, andfor each of seven statistical areas into which the
catfish) and 38 percent of the value of all the shoreState is divided for this purpose.

]~ and boat fisheries. Salmon, of which 79 percent wasIn this section of the report, the data on eommer- .
taken from the Sacramento River, was the most valu-cial fisheries were derived almost exclusively from the

~ able fishery, followed by oysters and striped bass.statistical reports of the Department of Fish and Game.
In Appendix B4 are presented data on landings ofThe State’s commercial fisheries have changed radi-

the more important commercial species in the Baytally since the turn of the century. San Francisco was
prior to 1918. the major port until shortly after 1900. Then the tuna

r~,Bt~_ 3 fishery came into prominence followed closely by the

I FISHERY PRODUCTS OF THE BAY AREA IN 1892 sardine fishery. The largest stocks of both ~vere in
southern and offshore waters. Immense tonnages were

Species Pounds Species Pounds landed at Los Angeles and San Diego and these .ports
Cod x 2,274,56~ Shad 491,394 consequently surpassed San Francisco in both landings

i Sardines 703,130 Salmon 3,484,049
Sturgeon 718,017 Flounders 3,H7,113 and value of catch. The sardine and squid fisheries bol-
Smelt 1,506,103 Crabs 2,750,000 stered the Monterey Area into a position ahead of
Herring 4,376,887 Shrimp and San Francisco and in recent years the landings in the

i Rockfish 644,372 Prawns 5,315,07~ Santa Barbara Area have also exceeded those at San
Clams and Mussels 2,654,800 Francisco. The Eureka Area is now approximatelyx It is not clear whether the cod listed here are Alaskan cod or sablefish

and lingcod and other closely related species from Bay Area waterson an equal level with the San Francisco Area and
but it is presumed to be the ~ormer. only the Sacramento Area is less important.

I The Sacramento Area includes those ports of land-
i ing upstream from the Carquinez Bridge. These were
-t THF COMMERCIAL FISHI::RIES FROM the major salmon, striped bass and shad areas. Practi-

I 1915 ONWARD cally all commercial fish caught or landed within the
Sacramento Area, however, is within the general

While scattered records of the commercial fisharea encompassed by this report. Therefore, all Sac-
catch date back to 1872, it was not until 1915 thatramento landings have been included in the Bay Area

I regular, detailed statistics of the California commer-(Pt. Arena to Pigeon Pt.) tabulations in this report.
eial catch were kept. In 1909 legislation was enactedIt is emphasized that in tabulating and reporting land-
authorizing the licensing of commercial fishermen,ings of the San Francisco Bay Area, the landings of
Prior to this however, the State on March 21, 1887both the Sacramento and San Francisco statistical

I enacted legislation requiring the licensing of fishingareas (Figure 4) have been combined; thus, when
boats. In 1911 another law required wholesale dealersreviewing the landings of the San Francisco Bay Area
to obtain licenses and record their transactions. Thesein the text or tabulations in Appendix B2 it is to be

i records were required to be kept by the dealers andobserved that they will be greater than those listed
available for inspection by fish and game deputies,for San Francisco in the "Commercial Fish Catch"

Another legislative change in 1915 compelled whole-bulletins of the Department of Fish and Game. Fur-
sale dealers to submit monthly statements showingthermore, shipments into the State have been omitted

I the transactions of the preceding month. This systemsince 1950. Landings after 1950 also exclude catches
was altered in 1917 when legislation was enacted whichmade north and south of the California borders. For-
required the wholesale dealer to record all fish trans-merly, both the Sacramento and San Joaquin Rivers

. actions in duplicate. These records were to specify thewere open to commercial fishing but the largest shareI weight in pounds by variety and the price pound,     of the catch to have been made jn the lowerper appears
in addition to the information previously required,       portions within Bay Area counties.

The only essential change since that time came two      The annual landings for each major species have

I years later in 1919 when records of transactions werebeen tabulated individually for the Bay Area and for
ordered to be made out in triplicate on forms issuedthe entire State from 1916 through 1958, and are listed
by the State. The triplicate copy was pink and thein Appendix B2 along with the percentage contributed
statistical system became popularly known as the "pinkby the Bay Area to each group. The species have been

!
!
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grouped into categories on the basis of similarity of ~AB~ ~-~
habitat, taxonomy or commercial use. FISHERY PRODUCTS FROM CALIFORNIA AND

There have been several notable omissions, namely OFF-SHORE WATERS ONLY--1955
¯ tuna, mackerel, squid, and several lesser varieties. Only Bay Area
species taken in California waters are included. Tuna landings as

percentagehave been omitted since almost all of it, except alba- State Bay Area of State-wide
core, is caught in foreign waters or on the high seas. landings landings landings
Albacore is the only tuna taken off San Francisco.Crustaceans .................8,546,252 ’5,479,975 64.1
Mackerel are taken along the California Coast in largeMollusks 1 ...............6,053,265 374,701 6.2
quantities, but since they have not been landed at SanFin-fish ............. 314,935,410 20,381,241 6.5
Francisco for many years they have not been includedTOTALS 343,806,895 26,235,917 7.7in the report. " .......1 Squid excluded £xom both mollusks ,and totals.

Squid are principally taken offshore from, and landed
at, Monterey. The lesser varieties are too numerous
to treat individually, and collectively contribute lessCHRONOLOGICAL TABULATION OF LEGISLATION AND
than one half of one percent of the total landings. OTHER ACTIVITIES WHICH HAVE INFLUENCED THE

Sardines have been included in the tabulations since FISHING INDUSTRY OF THE BAY AREA z
they were formerly taken in good quantity in the Bay1848-A colony of full-time Italian fishermerl arrived in San
Area. The fishery is now in poor condition with most Francisco.
of the current catch being taken off Southern Cali-1852-First California salmon law. Weirs or obstructions pro-
fornia, hibited and dosed season established.

The landings of 1955 illustrate the present status of1863-First vessel load of Alaska codfish arrived in San Fray-
the San Francisco fisheries in relation to the rest of cisco.
the State. In that year a total of 710,713,523 pounds1863 or 1864--First Pacific Coast fish cannery (across from
of fishery products entered California. About one-half Sacramento).

was taken within California waters or directly off the1870-California State Board of Fish Commissioners created.

California Coast. The rest was taken either north or1870-Eastern oysters introduced.
south of the border, or was shipped ~into the State via1870-Softshell clam introduced.
common carrier. Of the quantity taken from Call-1871-Shadintroduced.

fornia waters, 7.7 percent was landed in the Bay Area.1872-Carp introduced.
The breakdown according to types of products is1874-Catfish introduced.
shown in Tables 4-a and 4-b. 1876-First paranzella trawl in the State (San Francisco Bay).

Salmon, flatfish and albacore are the most impor-1877-Founding of "Fishermens Protective and Benevolent As-
rant local fishes at the present time. In 1955 they sociation" (San Francisco).
comprised over two-thirds of the Bay Area fish catch.1878-California Fish and Game Commission created.

San Francisco generally ranks first or second in the1879-Striped bass introduced.

production of crustaceans. Almost fou~" and a half1881-Law against pound or set nets and weirs enacted.
million pounds of crab and over a million pounds of1885-Steam engln..e introduced. "
shrimp were landed here in 1955. The combined land-1887-Commercial fishing boats licensed.
ings of both accounted for 64 percent of the State’s1889-First West Coast sardine cannery-San Francisco Bay;
total. [Wilcox, (1895), states 1890 was date established].

Although oysters and clams at one time were the1894-Purse seine introduced.
most important fishery products of the Bay Area,1895~Law prohibited sturgeon setlines.
they are now relatively minor as compared to the rest1898-Mild curing of salmon begun.
of the State. Excluding the squid catch of over 141901-Possession of sturgeon prohibited.
million pounds, the Bay Area contributed a little more1909-Licensing of Commercial Fishermen.
than six percent of the entire shellfish landings in 1955.1911-Shrimp fishing restricted.

1911-Licensing of wholesale deniers and requiring of records
of transactions.

TABLE 4-,’,
1915-Dryin~ of abalone prohibited.

CALIFORNIA COMMERCIAL FISHERY PRODUCTS~1955 lglS-Systematic records of commercial landings initiated.
Percentage of 1935-Sale of striped bass prohibited.

Poundage Total Poundage
California and off-shore waters .....343,806,895 48.4

I95I-Most of the Delta area closed to netting.

Other Waters .................................259,310,225 36.5
I953~Sale of catfish prohibited.
1957-Use of gill and trammel nets in San Francisco Bay andShipments into the State ................107,596,403 15.1 the Delta prohibited.

TOTAL ....................................710,713,523 100.0 ~ Mostly a~ter Scof~eld (1954)o
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THE PRESENT COMMERCIAL FISH AND The fishery is generally concentrated from Monte-
rey south, but for about a 20-year period beginningFISHERIES OF THE BAY AREA
in 1930, San Francisco also became a prominent port:.
The fishery reached its peak between 1934 and 1944The Schooling, Pelagic, Bait and Forage Fishes when state-wide landings exceeded 800 million pounds

Under this heading are sardines, anchovies, herring,each year and three times went over the billion pound
smelt and whitebait. These are the most abundant fishmark. The reduction ship landings are not included
species in the oceans and collectively are the mostin these totals. The most productive year was 1941
important food fish the world over. Here in Californiawhen. the staggering total of 1,262,480,393 pounds
they are .also the basis of an important subsidiary in-was taken. The peak year for the Bay Area was 1939
dustry in which waste and fish are reduced to meaJ,when over 491 million pounds were taken from local
oil and fertilizer. Before w~aole fish can be reducedwaters. Sardines led all other fisheries in both tonnage
however, processors must meet specified pack require-and value of Iandings until 1946.
ments for the food market. The combined landings of the Sacramento .and San

They are extremely important as forage for otherFrancisco 9rea~s contributed over 200 millions pounds
species of fish. In San Francisco Bay, smelt and white-of sardines a year from 1936 through 1944. The entire
bait are present the year around where they arefishery began to decline after the 1944 season and
utilized" heavily by striped bass, salmon and otherlandings reached an all time low of about 9.5 million
species of fish. All are or were found within Sanpounds in 1953. Northern stocks disappeared entirely
Francisco Bay. and sardines have not been landed in commercial quan-

Pacific herring. The Pacific herring (Clupea pal-tities at San Francisco since 1951.
lasi) is a schooling fish and is distributed from AlaskaDuring the sardine boom there were 132 canning
to Mexico. Landings have varied from less than 300,000and reduction plants in the State of which 49 were
pounds to more than 9,000,000 pounds a year. Thelocated in the Bay Area. Scofield (1954) gives the
average has probably been close to 2,000,000 pounds,number and location of plants in 1950 as follows:

It is one of the more important market species atPittsburg t Port Costa ~
San Francisco, where the heaviest landings in the StateBenicia 2 Petaluma ~
are made. They are taken during the winter monthsRichmond ................21 San Jose ................1
from December to April as the large, schools enterSan Francisco ...............15 Princeton .... 1
San Francisco and Tomales bays to spawn. These baysMcNears Point ...................3 Half Moon Bay ............1
are probably the most important herring spawningMartinez .............................3 Bodega ...................1
areas along the California coast, although spawningPort Chicago .....................~ -
also occurs in Drakes Bay and Bodega Bay.. According t Total ............................49
to Scofield (1918) spawning takes" rocks ~ The absence o’$ a number indicates plants which existed but were notplaceamong
and seaweed below low tide mark. Later work by operating in 1950.

Miller and Schmidtke (1956) indicates that PacificThe Pacific sardine is a typical schooling pelagicherring spawn primarily in the intertidal zone, withfish and is found from Alaska south into the Gulf ofoccasional spawning extending down through theCalifornia. Since 1950, however, the only Californiaintertidal zone to a depth of at least six fathoms belowstocks .have been off Southern California. During themid-tide level, peak years of the fishery they were very abundant off
Pacific sardine. Sardines (Sardinops caerulea) wereSan Francisco, apparently reflecting favorable oceanic

found in the Bay originally, but have not been re-conditions.
ported from there in many years. Collins (1892),Although they were formerly found in San Fran-wrote: "At the time of completing this report (1890)cisco Bay, their appearance there was probably sea-
sardines are reported so abundant in San Francisco Baysonal and incidental, since they are offshore spawners.
that they literally obstruct the passage of boats through
the water." A fishery for them existed at San FranciscoSmelt. Smelt, like herring, have always been taken
before 1900 but it wasn’t until later that their value forin the Bay Area but the catch has never been of much
reduction purposes was realized, and that a food prod-significance. It has varied in the region from I00,000
uct capable of competing with other species was devel-to over 2,000,000 pounds a year, but probably aver-
oped. The first concerted effort toward expanding theages close to 400,000 pounds annually. The state-wide
sardine market outside the Bay Area came with the’catch is usually just about double the catch of the
establishment of the Golden Gate Pacldng CompanySan Francisco Area.
of San Francisco in 1890, the first sardine cannery onThe bulk of the fish which enter the commercial
the West Coast. Anchovies were also used for canningcatch as "smelt" belong to the silverside family, Atber-
purposes. By 1915, the sardine fishery was the largesth~idae. The catch is made up largely of iacksmelt
single fishery in the State in terms of poundage(Atherinopsis cali[orniemis)and topsmelt (Ather&ops
landed, affinis,) although surf smelt (Allosmerus elo~gatus), a
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FISH A!qD WILDLIFE RESOURCES, SAN F~clsco BAY AREA                    35

eluded. The former two comprise 80 percent of thealmost 6 million pounds were taken. Generally, the
catch, local catch ~erages 300,000 to 400,000 pounds ~n-

Smek are sold ~Imost en~rely ~ the fresh ~shn~ally.
m~ket, with a small amount entering the b~k ~de.Aneho~ies ~re also a pelagic, sehoogng species. Their
Jacksmelt ~nd topsmelt ~su~lly swim in "loose" schoolsdis~ibufion according to Roedel (1948) is from Bfit-
and quite often occur together. They ~e usuallyish Columbia to Cape S~ Lugs, Lower Cal~or~a.
found within a few m~es off shore along the coastThey are ab~dant ~ San Francisco Bay dur~g the
and are particularly common ~ S~ Francisco Bay. spring of the year and spawn there in f~ n~bers.

They are principally inshore spawners along selected
Northern ~¢hovy. ~chovi~ (Engraulis mot- areas of the coast. ~chovies are not u~formly dis-

dax) have been found in great abundance all along the~ibuted ~oughout the~ range, but ~e concen~ated
Ca~o~a Coast. Heavy concen~ations are found off~ par~cul~ localizes, one of w~ch ~ the ~ea from
Cen~al California be~een Point Reyes and Monterey.Point Reyes to Monterey, including San Francisco
The stocks s~ft and ~e reduced at ~es under heavyBay.
exploitation and ~e therefore found at different areas It is interesting to note that a subspecies of the~ong the co~t at different ~es. Anchovies are anorthern anchovy (En~aulis mordax nanus) is re-
mainstay of the "dead bait" ~dus~y. They have alsos~icted to San Frandsco Bay.
been used in the reduction indus~y to a considerable
extent. With the decline of sardines and mackerel tNs ~tebalt. WNtebait includes a group of ~scel-
species was exploited to ~11 the void ~ the caninglaneous small fish~ found in bays and inshore areas.
indus~y. The 1953 production of almost 86 ~onThey are of ~ited commercial value, the en~e catch
pounds ~ the largest in the history o~ the fishery. Topseldom exceeding 200,000 pounds per ye~.
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DEPARTMENT OF FISH AND GAME

The whitebait catch in California is composed pri- The Flatfishes
marily of true smelts, Spirinclous starksi and Hypome-
sus pretiosus. Catches are landed chiefly at Eureka andSole, halibut, flounder, turbot, sanddab and similar

San Francisco. At the latter port, another species, Spit-fishes are included in this category. The important
inclous tloaleiabtloys, is represented in the whitebaitcommercial species belong either to the right-eyed

catch, flounder family, Pleuromeatidae, or the left-eyed

In the early years the collective landings of this en-flounder family, Bothidae. They live on the bottom

tire group each year exceeded all others. In the last 43and in the adult stage have both eyes on the upper side

years the Bay Area has contributed about 10 percentof the head.

of the total landings in the State although during peakThey are taken in immense quantities all along the
years, 193f-194f, it was closer to 25 percent and inCalifornia coast but the fishery was centered at San
1939 exceeded 42 percent. Francisco until recently. Flatfish were first taken from

Some of these species are found in both fresh andSan Francisco and San Pablo bays. The latter still has
salt water throughout the year. Others spawn in fresha good population of starry flounders. After the intro-
water in the spring but are found principally in theduction of the paranzella and later the steamer, trawl
Bay during the rest of the year. Water quality in thefishing for the flatfishes expanded to areas outside the
Bay would therefore affect them. The polluted con-Golden Gate.
dition of the South Bay is probably among the chiefFla~sh have always been a principal constituent of
reasons these fish have not been seen there in their~the freshfish market. Landings have gradually in,
former numbers, creased under steady demand. In ~the Bay Area, the
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catch hit a peak of more than 12million pounds in indicate 1.5 to 2.5 million pounds of English sole each
1929 and remained at or near 10 million pounds untilyear in the San Francisco landings.
1938, at which time the fleet switched to the moreBetween 1915 and 1938, San Francisco produced 60
lucrative soupfln shark fishery. The slack in the Santo 85 percent of the total flatfish catch. When the fleet
Francisco catch was quickly taken up by the Eurekashifted to the short-lived shark fishery, it dropped to
fleet primarily, but also by other areas to fill theabout 35 percent. In spite of increased catches by the
market demand. San Francisco fleet, greater landings elsewhere have

Toward the end of World War II, a filleting processcaused the proportion contributed by this area to drop
was developed which vastly expanded the flatfishto about 30 percent of the state-wide catch. Figures
market. The state-wide catch peaked at almost 27 mil-12-15 illustrate the comparative catches of sanddab,
lion pounds in 1950 and has exceeded 17 millionflounders, halibut and sole.
pounds every year since. Unfortunately, the overall importance of San Fran- -

The San Francisco catch has not yet returned tocisco Bay to the flatfish fishery is not well known.
former levels but fluctuates between four and sevenResearch in the Bay has been limited since being closed
million pounds a year. The principal speciesof flatfishto most types of commercial fishing. It is known,
landed at San Francisco is English sole (Paropbryshog, ever, that .tremendous numbers of immature
vetulus). Since 195~, separate records have been main-flounders, sole, and sanddabs are present. The relation-
tained for each species of sole landed and the recordsship between the immature fish in the Bay and the
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adults both in the Bay and on the offshore fishingcommon in Suisun Bay. The mudflats of San Pablom
grounds is ~ot clear, b~c it has been suspected that were reported to have been excellent ~shing grounds m

the Bay might possibly be a spawning and nursery for flounders prior to 1900.
ground for them. On the other hand the flatfish o( The starry flounder also contributes to t~e sport
the Bay may represent a discrete population ex~bi~ng ~shery in local waters. m
little exchange with ocean stocks. The presence of
large-numbers of these young fish is su~cient to care-
fully consider any factor which might adversely affect’ (h~ Boffom Fishes m
their abundance in the Bay. Dependence of flounders This is a heterogeneous group of ~shes which are
and menhaden on tidal marshes has been well docu- caught principally by the offshore trawl fleet. Parfcu-
mented by rese~chers on the Atlantic Coast. lar species like rockSsh, lingcod and cabezon are also

Hagerman (1952) points out that young Dover sole sought by anglers whose catch, at times, may exceed m
(~Iicrosto~y~us pa~i~c~s) are restricted to compara- the c~amercia( catch.
tively shallow water while the largest specimens do Kock~sh, sablefish and lingcod, followed by hake,
not invade daese nursery grounds. According to him, are the most important commercial species in the m
Dovcr sole gradually move into deeper water with ~ group. Rocl<~sh comprises the bull< of the catch, m
increasing age. averaging between 70 and 80 percent of the total. The

Tlie starry flounder (Platicbtbys stellatrts), is the catch is made chiefly off Northern and Central Call- m
most common species found in San Pablo Bay and is fomia. m

m
D--01 9203

D-019203



FISH AND v~rILDLIFE RESOURCES, SAN FRANCISCO BAY AREA 39

_!

~ 12
z

°

~    6

_

Except for the 1940’s, San Francisco generally con-fish there is a loss of about two-thirds from the round
tributed about 25 percent of the state-wide catch. Theweight. The waste is used in the manufacture o~ meal,
tot~l catch, except for 1918, did not exceed 10 million.much of which is marketed ~s mink food.
pounds until 1944 when the balloon trawl was intro-Rock~sh are generally found from shoreline to a
duced. Since then the catch has been less than 10 mil-depth of 2,000 feet or more although by far the great-
lion pounds only twice and in 19~8 reached almostest number are in less th~n 7~0 feet of water. They
21.~ million pounds, apparently were taken in fair numbers in San Francisco

Rockfish are not only the chief constituent of theBay prior to 1900. Figure 16 depicts the Bay Area and
bottom fish commercial catch, but usually are al~o thestate-wide catches.
leading ocean sport~sh in terms of numbers caught.
For example, rockfish led the marine sportfish catchSharks, Skates, and Rays
six of the seven years from 1952-58. In 1956, party boat
operators alone reported more than 2 million rockfishCatches of these species have remained ~ather con-
taken by anglers on their boats. All of the members ofstunt since 1916 except for the eleven year period 1938-
the genus Se~astodes caught along the California Coast48. The discove~:y of the exceptionally rich source of
are called rockgsh. They are similar to the basses invitamin A in soup~ shark livers is the reason for the
appearance. Rock~sh formerly were the most impor-increased catch of shark during those years. Prior to
t~nt species in the fresh ~sh market; now most of d~e1938 the catch was rather stable at a little under one
catch is marketed as frozen ~llets. In processing rock-nfillion pounds annually. Thereafter it increased and
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- ST PPLED - STATE

re~ched a maximum of more than 9 million pounds inand ~re fo~d ~long beaches, wharves ~nd pilings.

~bout a diminishment o~ the fishery which by 1950catch, but ~re ~n extremely integral part o~ th~ ma-
returned to its previous level, r~e sportfish catch. SeCeral mil~ons ~re taken ~nnu-

While the ~shery lasted it was a lucrative attractiou~lly by anglers who fish f~them from rocks, sandy
to the State’s fishermem The prie~ paid for soupfinbeaches, whales and piers. ~his group provides one
sh3rkresulted generalshif~to sharkfishingfind of the less expensive forms of fishing, and t~s is
the desertion of other types.

Until 1941 San Francisco re~hrly produced abou~flected in ~he number of anglers who fish for them.

~0 percent of the catch of sharks and skates, but de-This is true, particularly, near the metropolitan areas

clined after this to its present level of about 20 percent,of San Francisco and Los Angel~s, where they are an
Catches are depicted in Fibre 17. easily accessible source of angling for a large number

The common dog~sh of San Francisco Bay is alsoof persons.
an excellent source of vitamin ~ and these were takenThe commercial take seldom exceeds 300,000 pounds
in good quantities during the boom in the shark fishery.~ year, of which the Bay Area generally accounts for

25 to 40 percen~ (see Figure 18).
S~lfw~ter Perch In any consideration of water quality in the Bay

A great many species are included under this head-. Area this group should be given particular considera-
ing. Most are members of the family Embiotoaidaetion. They a~ usually found near shore, and since
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most pollution ori~nates at or near the shoreline thisoff San Francisco in good numbers and were caught
group is one of the first to be affected, by spo~ ~shermen.

Croakers The Molluscan Fisheries

The only croakers of any commercial importanceAbalone, octopi, oysters and clams are included in
in the Bay Area are the white seabass and whitethis category. Squid are also mollusks but the fishery
croaker. Even these, however, are insignificant in rela-for them is restricted almost exclusively to Monterey
tion to the other fisheries. The catch landed at Sanand they have therefore been omitted from this report.
Francisco seldom exceeds five percent and since 1948Formerly, the Bay Area was one of the chief areas
has been less than one percent of the State total (seein the State for clams and oysters, of which there are

Figure 19). The landings at San Francisco have beenseveral important species of each. These fisheries have

less than 50,000 pounds a year since t930. The maxi-declined steadily since 1900. Whereas almost all of the
oysters and clams once came from San Francisco and

mum since 1915 was just over 150,000 pounds in 1926.Tomal~s bays, very few are now taken from these
White seabass are a prime sport fish in Southern CaI-areas. The supply of oysters has shifted to Humboldt

ifornia waters where they are fairly common, but ordi-and Morro bays. Clams are no longer taken in good
narily they are not abundant enough to be importantcommercial quantities anywhere in the State.
in the Bay Area sport fishery. In 1957 because of un-In reviewing the tabulations (Appendix B-2) and
usually warm ocean water temperatures they appearedFigure 21 it should be noted that increased abalone
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elsewhere in the State, as well as the reducedHowever, the supply in the Bay diminished and laterlandings
oyster and clam landings, have brought about theclams and mussels were quaranti.ned for public health
reduction in the proportion of mollusks contributedreasons. Softshell clams have not been recorded in the
by the Bay Area to the state-wide total. Octopi haveSan Francisco commercial fishery landings since 1948.
never been of much significance in the California

Oysters. Oysters in the past were one of the Fin-landings,
cipal fishery products of San Francisco Bay, which

Mollusks are discussed in detail in another sectionaccording to early records produced 2 to 15 million
of this report, pounds annually for many years.

Abalones. The waters immediately off San Fran-The landings steadily decreased after 1915, reaching
cisco are not particularly productive of abalones anda half million pounds about 1934.landings in this area have been curtailed by restrictive
legislation. The maior share comes from the SantaThe Pacific oyster was introduced from Japan about

1930 and new oyster beds were established in areas
Barbara Area. The state-wide landings have been on .
the order of two to four million pounds a year sinceoutside San Francisco. State-wide landings then in-

1924. There is a good sport fishery for them bothcreased until World War II when seed oyster ship-

north and south of the Golden Gate, especially alongments from Japan were halted.
the Marin County coast. The areas to which the oyster industry has shifted

Clams. For a while the Bay Area was the principalare chiefly Humboldt and Morro bays. A few beds are
source of clams (excluding Pismo. clams) in the State.located in Tomales Bay and Drakes Estero and various
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persons are experimenting in San Francisco Bay, buttotal in spite of the large abalone production of other
oyster culture in the Bay Area is now at a very lowareas. After World War II abalone landings elsewhere
point. Annual production for the Bay Area now aver-continued to increase while oyster production in the
ages 500,000 pounds a year. Bay Area decreased, and as a result, the San Francisco

It has only been since 1954 that oyster culture hasmollusk landings have comprised less than 10 percent
been carried on intensively outside the Bay Area,of the state-wide total since 1946. The general trend
whereas before this time the state-wide landings werecan be observed in Figure 21.
almost entirely from this area. Pacific oyster produc-
tion in Humboldt and Morro bays rose from less thanThe Crustacean Fisheries
one-half million pounds in 195;4 to over eleven million The crustaceans include shrimp, prawn, crabs, andpounds in $957. Oyster landings are shown in Figure
20. lobsters. Only shrimp and crab are taken in cam-

For the entire molluscan category, the total landingsmercial quantities at San Francisco. These two fisheries
for the State have varied between two and five millionwere prominent here long before 1900 and San Fran-
pounds a year since 1916 until the last two years. Thecisco has been the state’s chief source of them. The
San Francisco Area, up to 1920 accounted for overimportanc.e of the area can be observed in Figures 22
60 percent of the total landings. From then until 1946and 23. Until 1944 more than 70 percent of the total
the Bay Area contribution varied a great deal, butlandings were made here. Since then, the Eureka crab
generally remained between 20 and 40 of the fishery has enlarged greatly and new shrimp bedspercent

COMPARATIVE LANDINGS OF WHITE SEA BASS .::~.~.~
’ ’ AND WHITE CROAKER (COMBINED) FOR THE ~!~!i ’i i STATE AND SAN FRANCISCO BAY AREA ;:.:.~.:~

I i STIPPLED - STATE320 , : .
, i BLAGK- BAY AREA :"~:’~
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have been exploited in other areas along the coast. Asdried. The foreign Chinese market was the largest
a result the relative contribution of the Bay Area tobuyer of dried bay shrimps and curtailed trade with
the state-wide total has decreased even though thethat country has undoubtedly been a factor in the
local landings have generally increased. . reduced landings.

Shrimp. The Bay shrimp fishery has no counter-Virtually all shrimps landed in Californiacame from

part in the United States. These tiny crustaceans wereSan Francisco Bay until 1952, when new beds of

taken in tremendous quantities by the Chinese betweenocean shrimps and prawns in offshore waters were

1870 and 1915. The fishery was located in both North
discovered outside the Bay by Department of Fish
and Game marine biologists. The exploitation of those

and South San Francisco Bay and in San Pablo Bay.beds, plus the reduced catch of bay shrimps has de-
Legislative restrictions reduced the take briefly aftercreased the relative con’tribu~ion of the San Francisco
1910 but within a short while the landings increased toBay Area to the state-wide total.
an average of almost 2 million pounds a year untilShrimp landings are summarized in Figure 22.
1940, Since then, they" have been less than a millionSince there has been a lack of research and commer-
pounds a year. Apparently, the cost of the labor in-cial effort in exploiting bay shrimps it is difficult to
volved in processing them is prohibitive and the annualascertain their present abundance or distribution in the
production therefore does not reflect accurately theBay. It seems extremely unlikely however, that they
market demand or their abundance. Another ffictor isare present in their former abundance when five or
legislation which limits the amount which may bemore million pounds a year were taken by the Chinese.
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S~imp are a maior forage item for the young ofinclude carp, hardhead, sucker, splittail and Sacra-
many fish species, mento blackfish cNefly.

I
Crabs. Crab landings at S~ Francisco have flue-In the early days, Sacramento perch were a major

mated be~veen one and eight million pounds in theconstituent of the freshwater fisheries. ColUns 1892
last 25 yea~, the average being about three million,reports: "Sacramento perch (Araboplites interrztp~ts)

: (See Figure 23.) The l~ger landings have been madeis known only by the name of ’perch.’ It is taken in

I in the more recent years. The state-~vide totals par-great numbers from October to March in the lower
alleled the San Francisco catch very closely until 1946reaches of the Sacramento and San Joaquin Rivers and

~ when the poundage landed at Eureka began to equalis shipped to San Francisco where it sells at from 4 to
~

and then exceed that at San Francisco. The crab fish-8 cents per pound." The 1888 landings of 432,000

,I ery is one of the most important in the region. Mostpounds appear to be the largest on record; however,
I of the crabs are taken on sandy bottom in the shallowit is not clear whether the landings under "perch" in-

water off the Golden Gate. Originally they were takencluded the freshwater viviparous perch (Hystero-

I in San Francisco Bay, but the fishery had moved out-carprts traskii) or not.
side ~fore 1900. With the exception of a few years, the State’s entire

freshwater commercial fish catch has been landed at
Freshwoler Commer~iol Fishes Pittsburg and San Francisco. The catch for the most

I This category contains cat~sh and several species ofpa~ was made by Pit~sburg. fishermen in Suisun,
so-~lled roughish. The latter are non-game fish, andHonker and Grizzly Bays, with some effort by corn-

I
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mercial seiners in the inland lakes in various parts ofwere recorded. In more recent times, the I929 catch of
the State. 1,012,318 pounds is the largest, Generally, the catch

IAt least four species of catfish were introduced intoranged from 200,000 to 700,000 pounds. Most of the
California waters in the 19th century; two, the whitecatfish were taken in the rivers and sloughs of Solano,
catfish and the brown bullhead, were extremely suc-Contra Costa, Sacramento and San Joaquin counties
cessful. Of the brown or common bullhead (lctalur~tsuntil removed from the commerical category- in 1952.1nebulosus), Evermann and Clark (1931) related:The total annual landings of freshwater commercial
"During 1900, shipments were even made to the nativefishes exceeded one million pounds only" nine times
home of the catfish, Missouri and Mississippi Riversince 1916.

Ipoints. They supplied the markets of Chicago, Salt
Lake, Denver, Portland, and other middle and easternSince the Sacramento-San Joaquin gill net fishery
points." has been abolished, future freshwater fish landings will

The white catfish (lctahtrus cams), introduced thebe limited. Carp may be taken by traps under specialIsame year as the brown bullhead, was the leading corn-permit. Sacramento blackfish are also taken in certain
areas under permit.mercial catfish for many years past and probably com-

prised in large part the shipments referred to by Ever-Catfish are an important sportfish in the Sacramento-

I
mann and Clark. The most productive year noted bySan Joaquin Delta and carp arc taken in fair numbers
the present author was 1908 when 1,069,000 poundsby some anglers.
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Anadromous Commerdal Fisheries a year since 1916. ,The average would probably be
close to four. Before the turn of the century even

Salmon, shad, and striped bass are the principal anad-greater quantities were taken. The annual landings at
romous species which have been fished commercia~ySan Francisco have about of therepresented 50percentin this State. All t~ee reach the~ peak abundance instate-wide total since 1915. (See Figure 24.)
~e Bay ~ea and the rivers of the Central Va~ey.
These species generally spend part of their ~fe in freshShad. Shad were important in the San Francisco
water and part in the ocean, landin~ for a sho~ while after ~eir introduction ~to

~ Bay waters from the East Coast in I871. However,
S~mon., S~on generally is considered to be thethey soon bee~e so abundant as to glut the market.most valuable individual species in the Bay Area. Prior

They have never been as popular here as on the Aflan-to 1900, almost the entire catch came from ms, de the ......
Golden ~te. Now they are taken in the ocean fromue coast. ~ae ~ana~ngs accordingly have been limited.

e "s They are taken principally for their roe. The fishingMonterey northward by ~e ocean ~o~ fie t. Leg~ -
ladve action in 1957 e~minated commercial s~onfleet at Pittsburg has been the main one to exploit
rising ~side the Golden Gate. them. A few stray fish are taken elsewhere, but vir-

The landings in the region have v~ied from le~really 100 percent of the lmdings have been in the
than a raison pounds to almost ~ne m~lion poundsBay ~ea. The record catch of over 5 million pounds

~ } ~~ FORBAY THE AREA STATE AND SAN FRANCISCO     1916-1958[~ ~ ~ ~ ~ 1 ~~ ~ ’ ~ ~ I      I ~ ~ I

-

I
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I
was made in 1917. The average was between one andmillion pounds. The peak commercial catch, reported
two million pounds a year, but the fishery could haveat 1,776,000 pounds, occurred in 1908.

!sustained perhaps two to three times that much. Legis-Striped bass have been popular with sportsmen
lative action banning the use of gill nets in what wassince their introduction. The total take by anglers
the principal shad fishing area all but eliminated theeach year is in the neighborhood of 600,000 to 1,200,-

Icommercial fishery after 1957. 000 fish, or two to four million pounds.
Striped gass. Striped Bass were introduced intoThe combined landings of these three species at San

Carquinez Strait in 1879 from New Jersey. By 1890Francisco have varied considerably with salmon, of
a few were being taken commercially and the speciescourse, being the most influential. Since 1916 the least

!was highly favored in the San Francisco market. Theyamount recorded was 1,333,641 pounds in 1941, and
commanded a good price and supported a fair fisherythe highest better than t2 million pounds in 1918.
until legislative action in 1935 prohibited the commer-The average is just under 6 million pounds a year.

I
cial take. Like shad, almost all were taken and landedThe annual state-wide landings have fluctuated with
in San Francisco, Pittsburg and other ports in thethe Bay Area catch, the low of just under 4 million
Bay Area. pounds coming in 1941, and the high of over 17 rail-

Between 19t6 and 1935 the landings averaged 600 tolion occurring in 1917. The state-~vide average is be-
700 thousand pounds a year and twice exceeded atween seven and nine million pounds. The percentage
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I of the state-wide total contributed by the Bay Area    whole and those of the San Francisco Bay Area. (See
is generally upwards of 50 percent annually. OnlyFigure 25.)
six times since 1916 has it been less than 45 percent,The earliest comprehensive statistics to show the
while it has been greater than 60 percent in 21 differ-value of the Bay fisheries, are those of Jordan (1887)
ent years, for the years 1879-80 which are presented in Table 5.

I TASTE $

- ECONOMIC ASPECTS OF THE FISHERY STATISTICS OF SAN FRANCISCO
COUNTY 1879-80

COMMERCIAL FISHERIES                                Products Value of     Fishery Statistics

I It is extremely" unfortunate that during the greatItem Poundage Products Item Value
growth of California’s fishing industry, between 1900Fresh Fish ....5,500,000 $220,000 391 Men

and 1930, statistics on the value of the catch, numberShrimp 250,O00 12,500 90 Boats.__ $11,000
Abalone ........ 150,000 9,500 Other Gear._ 13,000

I of employees, vessels and capital investment were notAbalone Shells__ 950,00023,750 Misc. _____ 550
given greater consideration. During this transition
period there were tremendous changes in the regional 6,850,000 $265,750 $26,550
status of the resources, physical property, transporta-

I tion and harbor faeilities. For Alameda, Matin, and Sonoma Counties he esti-
AIthough the total volume of products landed atmated the fisheries products at $72,400, bringing the

San Francisco increased, it did not keep pace with theBay Area total to $338,150 for the 1879-80 fiscal year.

I growth in other areas. Several factors are chieflyThese figures are minimal however, since they do not
accountable for this. The first was the exploitation ofinclude Solano and Contra Costa counties, the most ira-
the tuna and sardine fisheries. The tuna catch, whichportant salmon areas.
is made principally on the high seas, is landed almostFor the entire State, .Jordan gave the following sta-

I entirely at Southern California ports and it alone ac-tistics for the year 1880 (Table 6):
counts for almost fifty percent of the fishery products
presently landed in California. raetE 6

I Sardine landings, which increased steadily for forty CALIFORNIA FISHERIES STATISTICS FOR THE
years after 1900, likewise were concentrated south of YEAR 1880
the Bay Area. The San Francisco fleet fished them Value to
only during the relatively short period they wereProducts Quantity Fishermen
found in abundance off the coast of the Bay counties.Sea Otter Skins_. 75 $3,750

Seal Skins 2,000 10,000Associated with these developments, of course, wasWhalebone 61,000 lbs. 122,000
the location of the manufacturing and processingWhale Oil 153,685gaI. 79,650
plants of the fishing industry in the southern part ofFresh Fish 24,577,9201bs. 1,145,006
the State. Crab and Shrimp.. 2,500,0001bs. 66,358

Mollusks 128,250
A second factor was the development of local fish-Salt 60,400,0~lbs. 302,000

ery resources all along the coast, which before 1900Other __ 3,700

I had scarcely been ekploited. The trawl and salmon
troll fisheries are of particular note. The EurekaTotal $1,860,714

Area developed its important crab resources, and
in the last few years has seen the establishment of an MANPOWER

I extensive oyster fishery. Fishermen 2,089
: Shoremen 1,005

Since the San Francisco fisheries already were well ~
developed by 1900, production increases have had toTotal Men ...................................... 3,094

I come chiefly through advances in techniques and the
extension of fishing grounds. The fishery potential of GEAR AND ASSETS
the region also was diminished somewhat when SanItem Number Value

i Francisco Bay became unsuitable for the valuable shell-Vessels ............................................49 $535,350
- fish industry which had once thrived there. Boats 853 94,485

Other Gear and Apparatus ............... 205,840
Finally, the development of harbors, handling andCash Capital and Shore Property ............. 307,000

transportation facilities all along .the coast has greatly
1 reduced the tonnage of fishery products landed at SanTotal Assets ..........................................$1,139,675

Francisco.
Despite the paucity of quantitative data before 1930,Statistical inforrhation for the Bay Area for 1892

I an attempt is made to show the comparative economicindicates that tl~e Bay fisheries were still by far, the
relationships between the fisheries of. the State as amost important both in the quantity and value of prod-
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u.ets. The cash capital and investments also exceeded TABLE 8
those of any or.her area in the State. This is clearly CALIFORNIA FISHERY STATISTICS 1880-1908
shown in Table 7, the data for which were obtained
from the Thirteenth Biennial Report of the State MenEm-                  BoatSand Capitaland Products of

Value
Board of Fish Commissioners. The county-by-countyYear ployed Vessels Invesm2ents(Pounds) Products
tabulation has been retained to show the relative mug-1880____ 3,09ff 902 $1,403,487 _ $1,193,555
nitude of the individual regional fisheries of the State1888..,.___ 5,338 1,448 2,684,210 _ 4,463,369
at that time. The Bay Area maintained the status indi-1889 .........4,684 m 2,081,950 53,505,055 2,465,317
cated in Table 7 until shortly after 1900 when the1890 .............. 53,330,194 2,592,826
sardine and tuna fisheries came into prominence. 1891 ....... _ _ 52,483,906 3,031,430

The statistics in Table 8 were compiled from the1.892 ...... 5,509 1,391 2,537,031 57,838,466 2,987,439
biennial reports of the State Board of Fish Commis,1895 ......4,770 _ 2,612,298 __ 1,786,479
sioners, U. S. Fisheries Bulletins, Reports of the U.S.1899 ....... 3,974 _ 2,774,493 _ 2,551,451
Commissioner of Fish and Fisheries and the U. S. De-1904 ...... 4,406 __ 1,489,000 _ 2,523,000
partment of Commerce and Labor census reports. In-1908 ........4,100 _ 1,568,000 _ 1,970,000
complete as they are, they indicate the general magni-
tude of California’s fisheries between 1880 and 1915.
The salmon fishery was extremdy important in boost-In Appendix B-3 are listed the available data on
ing fisheries values for this period, the Bay Area and state-wide commercial fishery sta-

Catch statistics published by the Department oftistics. From 1926 to 1939 some accuracy was 10st.
Fish and Game show that by 1916 landings at otherin the interpretation and transfer of values from a
ports exceeded those at San Francisco. Whether orgraph, (Fish Bulletin No. 49, pp. 137-8). Between
not the volume was sufficient to offset the greater1926 and 1938 the Bay Area comprised about 20 per-
value of the salmon, crab, and oyster fisheries of thecent of the total value of the commercial fishery
Bay is questionable. Certainly by 1920, however, theproducts of California. The value of the local prod-
port of Los Angeles had replaced San Francisco asnets varied from less than one to slightly more than
the fishing center of California. Eventually the Santwo million dollars while that of the entire Cali-
Diego and Santa Barbara Areas also surpassed Sanfornia fleet fluctuated between three million and

and value of catch, nine and one-half million dollars.Franciscobothin landings
Until recently the Bay Area was always the prinei-Since 1938 the value of the San Francisco landings

pal source of products for the fresh fish market. Thehas increased but slighdy, whereas the State total now
Eureka Area has now forged into the lead in termsexceeds 50 milion dollars annually. Maximum value
of landings, but San Francisco remains the primaryof the Bay Area catch was a little over 5 million do!-
center for the sale and distribution of fresh fish. lars in 1944 as compared to 85 million dollars recorded

for the State in 1950.
TABLE 7 The value of the Bay Area catch remained in excess

A COMPARISON OF THE REGIONAL FISHERIES of ten percentS’of the State total until the end of
OF CALIFORNIA IN 1892 z World War II. Since the war it has Consistently aver-

Fishermen aged about five percent.
Value of Total and

Source Products Investment Shoremen The effect of the tuna landings on the value of
San Diego .....................$47,538 $41,067 92 California’s fisheries is readily apparent when it is
Orange ................... 3,025 750 12 realized that in 1954, for example, tuna represented
Los Angeles 49,541 49,261 234 $52,708,774 or 78.2 percent of the $67,402,524 value
Ventura.................... 1,960 885 4 of California’s fishery products. The remaining 21.8Santa Barbara ............... 10,315
San Luis Obispo ............... 8,4~ 5,615 ~ percent was made up largely .of local fishery prod-
Monterey .................... 61,000 32,145 121 ucts. The $2,830,993 value attributable to the San
Santa Cruz .............. 14,168 10,000 60 Francisco Area comprised only 4.2 percent of the
Placer
Nevada (1893) ............. 4,700 2,250 30 above total." However, excluding tuna, the value of the
Humboldt ................. 47,038 18,010 320 Bay Area catch represented 19.3 percent of the $14,-
Dd Norte ................... 5,988 31,900 118 681,189 value of local fishery products.

Totals ....................$193,904 $202,198 1,079

San Francisco
Bay Counties ..........$2,793,535 $2,334,853 4,430 Fishermen

Grand Totals ........... $2,987,439 $2,537,051 5,509 The number of fishermen employed in the Bay
Area fisheries has changed considerably because of

San Francisco Bay Area
as Percentage of Total 93.5 92.0 80.4 technical advanceS and basic changes in the methods

~~t= wi~o~ osgs), of fishing. Early in the history of the Bay Area fish-
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cry there were more than 4,000 fishermen fishing byVessels
means of seines, traps and numerous small boats.

The boats employed in the fisheries of the State
Restrictive legislation gradually reduced the fish-as well as those of the Bay Area are also included in

ing area within San Francisco Bay, curtailed or pro-Appendix B-3 and are shown graphically in Figure 27.
hibited certain types of fishing, and has recendy re-Only scattered data were available prior to 1934. As
suited in a virtually complete commercial closure ofin the other commercial aspects, most of the California
all waters inside the Golden Gate. Men engaged infleet operated out of San Francisco before 1900. Fol-
fishing operations thus affected were eventually forcedlowing the pattern of the landings, the largest con-
into other areas or out of fishing altogether, centration of boats later accumulated at the southern

Nevertheless, the Bay Area supported between 15ports. In 1929 about 33. percent of the fleet was work-
and 20 percent of the State’s commercial fishermening out of San Francisco. From then until 1946, the
between 1935 and 1957. Prior to 1935 only statistics end of World War II, the local fleet was between
on the total number of licensed fishermen in the State25 and 30 percent of the total, and since 1946 has
were available. The total number of fishermen andbeen quite stationary at about 20 percent, or roughly
proportion employed in the San Francisco fishery isa thousand boats as compared to 5,000 for the whole
given in Appendix B-3. (See also Figure 26) State.

D--01 921 6
D-019216



52 DEPARTMENT OF FISH AND GAME

COMPARISON OF NUMI~ER OF STATE ’ .
- AND BAY AREA FISHERMAN ( DATA

NOT AVAILABLE FOR BAY AREA |916-t938) .....

~RINE AND COMMERCIALFISHERIES REFERENCES
~o~, ~a~b~ns L~ ~o].

t95L ~ ~nvesd~do~ o~ ~e Cs~o~h S~d ~b, CJ~a~- ~9~9~; ~o. ~, pp. 2~-2~.
~ so~did~ (GJ~).

~onnot, ~ VoL tO, No. ], pp. ~8-~9; ~o. 2, ~p. ~-]Ot, ~o. 3, pp.
J9~2. ~ C~J~O~ S~£J~p ~QdgsE7 ~{~; ~o. #, pp. 20~205.

Ca~fornla Dep~tment o~ Fish and Game, Fish B~le- Vol. I1, No. 1, pp. ~7; No. 2, pp. 94-95; No. 3, pp.
~ No. 38. 146-t47; No. 4, pp. 192-193.

~lifornia D¢pamment of Fish and Game Vol. 12, No. 1, pp. 50-51; No. 2, pp. 114-115; No. 3, pp.
1930. Fishing ~em ~ong the California Coast for the S~- 158-159; No. 4, pp. 21~215.

d~e (S~dina ~ae~ea) Vol. 13, No. I, pp. 7~75; No. 2, pp. 160-161; No. 3, pp.
C~ifornia Department of Fish and Game, Fish Bulle- 229-231; No. 4, pp. 302-303.
tin No. 2L Vol. I~, No. 1, pp. 102-103; No~

California Depa~ent of Fish ~d Game pp. 2~-263; No. 4, pp. 328-329.
Vol. 15, No. 1, pp. 94-95; No. 2, pp. 1~-191; No. 3, pp.

Commercial Fish Catch of Cal~ornia for the Years 191S-1929 298-2~; No. 4, pp. 3~8-359.
Ca~fornia F~h and Game, Vol. 2, No. 2, pp. 102-103; No.

~, pp. 1~-167 Ca~fo~ia Dep~tment of Fish ~d Game
Ibid: Vol, 4, No. 1, pp. ~2-~3; No. 2, pp. 100-101; No. 3, The Co~ercial Fish Catch of Ca~ornia for the Ye~s 1926-

pp. 1~6-1~7, Vol. 5,.No. 1, pp. ~-45; No. 2, pp. 100-101; 1954
No. ~, pp. 16~16~; No. 4, pp. 208-209. Fish Bulletins Numbers 15, 20, 30, ~, 49, ~7, 58, 59, 63, 67, 74,

80, 86, 89, 95, 102, 105Vol. 6, No. 1, pp. ~1; No. 2, pp. ~-91; No. 3, pp.
136-138; No. 4, pp. 184-18L Ca~fornia Dep~tment of Fish and Game
Vol. 7, No. 1, pp. 70-71; No. 2, pp. 130-131; No. 3, pp. RepoE on Fresh and C~ned F~he~ Products ~or the Ye~s
188-189; No. 4, pp. 272-273. 1920-1926
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California Fish and Game Commission 1953. California Marine and Fresh Water Sport Fishing In-
Biennial Reports for the years 1920-1922; pp. 128-136. tensity in 1951.
Ibid: 1922-23; pp. 101-109 California Fish and Game, Vol. 39, No. 1, pp. llf-12J.

i 1924-1926; pp. 114-124 Clark, Frances N. and JuIius B. Phillips
California Department of Fish and Game                        19f2. Northern Anchovy (Engraulis mordax mordax) in the

Report on Fresh and Canned Fishery Products California Fishery
California Department of Fish and Game, Fishery Circular.~ California Fish and Game, Vol. 38, No. 2, pp. 189-207.

I
Numbers 1-33 Clark, G. H.

California Fish and Game Commission 1929. Sacramento-San Joaquin Salmon (Onoorhyncbus
Biennial Reports for years 1870-71 through 1916 tscha~oytsoha) Fishery

Carpelan, Lars H. California Department of Fish and Game, Fish Bul-
19f5. Tolerance of the San Francisco Top Smelt to Condi- letin No. 17.

,~ tions in Salt-Producing Ponds Bordering San Fran- 1931. The California Halibut, (Paraliohtys ~alifomious) and
cisco Bay an Analysis of the Boat Catches.
California Fish and Game, Vol. 41, No. 4, pp. 279-284. California Department of Fish and Game, Fish Bulle-

Clark, Frances N. tin No. 32.

¯ 1929. The Life History of the California Jack Smelt, Ather- 1933. Fluctuations in the Abundance of Striped Bass
inop’sis oaliforniensis, California Department of Fish cus lineatus) in California.
and Game, Fish Bulletin No. 16 California Department of Fish and Game, Fish Bulle-.

1937. Fishing Localities for the California Sardine, Sat-            tin No. 39.

I dinops caerulea, California Department of Fish and 1935. San Francisco Trawl Fishery
Game, Fish Bulletin No. 48 California Fish and Game, vol. 21, no. 1, pp. 22-37

I
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1936. The C~omia Trawl Fishery and its Conserva~on     Miller, Daniel J. and Jo~ Sc~idtke
Camera Fish and Game, Vol. 22, No. 1, pp. 13-26         19~6. Repo~ on the Dis~ibufion ~d Abundance of Pac~c

Clemens, H~old B. Herring (Clupea pd~si) ~ong the Coast of Cen~al
19J3. Catch Localities for Pac~c ~bacore L~ded ~ C~- and Southern C~ornia. Cflifomia Fish and Game,

~o~a, 1951-19J~. gel. 42, No. 3, pp. 16~-187.

CaHfo~a Depa~ent of Fish ~d Game, Fish B~e-O’Comel, Ch~les P.
fin No. 1~. 19J3. The L~e Histow of the Cabezon

ma~oratus (A~es)
Co~ns, J.W. C~orfia Dep~ent of Fis~

1892. Kepo~ on the Fisheries of the Pacific Coast of the ~ No. 9LUnited States ~: Kepo~ of the U. S. Co~. of Fish
~d F~heries for 1888, p~ II; The Fisheries of C~-Orcu~, H~old George
for~a, pp. 21-17L 1950. The l~e Hi~o~ of the St~ Flo~der,

~dlatus (P~m).
~oker, ~chard S. C~o~a Dep~ent of Fish ~d G~e, F~h B~e-

1933. The Ca~orMa Mackerel Fishe~ fin No. 78.
C~o~a Deponent of Fish and G~e, Fish BuHe-

P~ips, Julius B. ~d Jo~ Radovich~ No. ~. 1952. S~eys T~ough 19Jl of the Di~ibufion
Fiedler, R.H. dance of Young Sardines (S~dinopr caemlea).

1930. Review of ~e Fisheries of C~o~a. U. S. Depm- C~o~a Depa~ent of Fish ~d G~e, Fish B~e-
mere of Co~erce, B~eau of Fisheries Do~em ~ No. 87.
No. 1087, pp. 341-369. ~pley, W~ E~s

Fitch, Jo~ E.                                               19~. The ~up~ Sh~k ~d the Fishe~.
19~3. Co--on M~ineBiv~ves of Camera                         In: The Biolo~ of ~e Soupfin,

C~o~a Depar~ent of Fish ~d Game, Fish B~e- tem, ~d Bioche~cM S~es of ~e ~ver.
~ No. 90. Camera Dep~ent of Fish ~d Game, Fish B~e-

19~3. ~tensions to ~o~ Geographic~ Dis~ibufions of ~ No. ~.

Some Marine Fishes on the PacMc Coa~ Roedel, P~ M. ~d Wfl~ ~s ~pley
C~o~a F~h ~d G~e, Vol. 39, No. 4, pp. ~39-5~1.1950. C~o~a Sh~ks and Rays.

Goode, G. Brown
C~fo~a Dep~ent of Fish and Gme, Fish B~e-
~ No. 75.1884. Ca~fo~a Gray While

In: Na~M Histo~ of Useful Aquatic ~als; The Roedel, P~ M.
Fisheries and Fishery Indu~ies of ~e UMted States. 1948. Co--on M~e Fishes of C~o~a
U. S. Co~ssi0n of Fish ~d Fisheri~ Secdon I, Camera Dep~ent of Fish ~d Game, Fish B~e-
Pm I, pp. 31-32. ~ No. 68.

Hage~an, Frederick B.
19~L Co--on Ocean Fishes of the C~o~a Coa~.

C~o~a Dep~em of Fish md Game, Fish B~e-
1952. The Bido~ of the Dover Sole, Microsto~ pad- ~ No. 91.

ficus, (Loc~n~on). Scofield, Eugene C.C~o~a Deponent of Fish and G~e, Fish B~e-
fin No. 8L 1931. The S~iped B~s of C~o~a

C~orMa Depa~ent of Fish ~d. G~e, F~h B~e-
Herald, E~l S.                                                    ~No. 29.

1951. Relative Abund~ce of Sh~ks and Bat S~grays M     Scofield, N0~ B.
San Fr~cisco Bay

~
1918. The~..He~g and the Development of the Herr~g

Cal~omia Fish and Game, Vol. 37, No. 3, pp. 315-329. Indu~ ~ C~fo~a
Israel, Hugh R.                                                 C~oi~a Fish md G~e, Vol. 4, No. 2, pp. 65-70

1936. A Con~bmion Towed the .~e H~ories of Two     ~ofield, W. L.
C~forMa S~ps, Crago franciscomm, (S~pson), 1948. Trawling Ge~ ~ C~o~a
~d Crago nigricauda, (Sdmpson). Ca~fo~a Dep~ent of Fish ~d G~e, Fish B~e-
C~o~a Depa~em of Fish and Game, Fish Bulle- ~ No. 72.
fin No. ~. 1952. The Tomales Bay H~rMg Fishery

Jord~, David Start                                                 Califo~a Fish and Game, VoL
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nery was built on a floating scow in the town ofthe local streams. They generally enter the larger fir-
Washington (Broderick) on the Sacramento Riverers along the coast north of San Francisco. By far the
across from the city of Sacramento. greatest ~proportion however, has always passed

The first season’s operation was not entirely .sue-through the Golden Gate to ascend the Sacramento
eessful since only half of the. 4,000 cases canned wereand San Joaquin rivers on the way to ancestral spawn-
merchantable. Each case contained four dozen one-ing grounds in these rivers and their tributaries.
pound cans. The young industry also received a tern-There were three principal methods employed.in
porary set-back when skeptical Americans would havecommercially fishing salmon before 1870. The most
nothing to do with the product. After considerableprofitable, drift gill netting, was introduced shordy
searching they found a ready market for cannedafter 1850 by the Italians. Fyke net fishing was em-
salmon in Australia and later South America. Poorployed also at this time and according to Jordan and
salmon runs in 1864, 1865 and 1866 forced them toGilber~ (1887) in 1852 and 1853, fishermen eom-
look elsewhere to enlarge their business. As a resultmonly caught 700 to 800 pounds a day in their fyke
they established the first cannery on the Columbianets at Rio Vista. Sweep seines were used but no men-
River near Eagle Cliff in 1866. But by 1883 therefion is made of the success encountered.
were 21 canneries in California, most of them in theThe gold rush and inflatitnary conditions led to a
Bay Area. rapid expansion of the fishery. Jordan states that be-

Our first quantitive records concerning salmontween 1850 and I860 salmon frequently brought a dol-
catches in those early years are largely from cannerylar a pound and that five dollars was a small price for
records, a whole salmon. Complete data are lacking on the

Shortly after the gold rush many rivers becameamount of salmon caught and canned before 1870 but.
badly silted, which all but destroyed their use forduring 1864 and 1865 two thousand cases (48 one-
salmon. Railroad construction crews did similar dam-pound cans each) were canned each year. Little else
age by dynamiting along the Sacramento River andabout the fishery is available until 1872.
its importantspawningtributaries.Often, streams 1870 to 1915. By 1870 the king salmon runs began
were made impassable to salmon as a result of theto decline.and the newly formed (I870) State Board
rocks and debris permitted to enter them. Lumberingof Fish Commissioners expressed concern for the fish-
was ~also responsible for silting and blocking many ofcry. Hydraulic gold rniuing activities had all but de-
the smaller spawning tributaries, stroyed the American, Feather, and Yuba Rivers, ae-

The salmon runs of the Sacramento and San Joa-cording to their reports. Even so, the catch about
quin river system have fluctuated a great deal since1874-1875 was 4 to 5 million pounds, worth $500,000
records were first kept. Peak runs have occurred ata year.
intervals of 8 to 30 Fears followed by poor catchesThe U. S. Fish Commission sent Mr. Livingston
midway between the peaks. Stone to California in 1872 to procure salmon eggs

Water development projects have made serious in-for the East Coast. He arrived in August of that year
roads on the salmon populations of California, par-and immediately set up operations on the MeCloud
ticularly in the Central Valley. Dams were built onRiver. Thus began salmon fish eukura! operations, in
streams tributary to the San Joaquin River prior toCalifornia. If is from Stone’s annual reports that much
1900. In .the last 25 years a large number of ~public andof our early knowledge of Sacramento king salmon
private projects and the gigantic Central Valley Proj-was obtained.
ect have been built on the major rivers in the CentralBecause of the decline in the fishery the California
Valley. These projects have unquestionably had aCommission contracted with the U. S. Commission
great influence on king salmon and other anadromousto supply eggs for propagation purposes to stock
species by preventing access to spawning areas abovethe Sacramento River. Shortly thereafter, the eommer-
the dams, and by reducing the flow of water beloweial~salmon catch began to increase and by 1880 had
the dams or changing the general regime of thereached almost 11 million pounds. At the time, the in-
streams, crease was attributed chiefly to fish cultural opera~ons

In the early years silver salmon and steelhead runs,by the early pioneers, thus lending great impetus .to
also, were adversely affected by saw mills, flour millsthis phase of fishery management. Since 1872 many
and water supply reservoirs on the coastal streams,millions of fry have been released into the river and

It is beyond the scope of this report to provide butthis activity still continues today. Shebley (1922)

a small portion of the available information on thesummarized fish distribution activities in California
king salmon of the Sacramento-San Joaquin system,through 1921. His article also gives an account of the
Several excellent publications are listed in the refer-history of fish cultural operations in this State.
ences which describe the life history and fishery forJordan and Gilbert (1887) provide an idea of the
this species, fishery of their time in the following paragraph:

Although the fishery for king salmon is centered in"Since 1866 salmon fishing has fallen off very fast
the Bay Area, few kings actually spawn in any ofat Collinsville and Black Diamond [Pittsburg]. In the
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year 1880 there were about 225 boats engaged in TABLE 9
salmon fishing on the Lower Sacramento, each boatCOMPARATIVE DATA ON THE SACRAMENTO-

I with a crew of two men. A good outfit for salmon SAN JOAQUIN SALMON FISHERY z
fishing is worth $700 to $I,000. The salmon caught Number Number Number Number Catch

" are either, shipped to the San Francisco markets, soldYear fishermen . boats gill nets seines in pounds
to the canneries, or salted and smoked." 1872 200 . .~:~iO0 100 10 4,000,000

I They reported 500 men and 230 boats engaged in1880 _m 500 230 200 _ 10,000,000
1889 .... 796 467 474 24 6,471,000

¯ the salmon industry of Marin and Contra Costa1899 9o7 :459 478 20 6,458,000
counties. 1909 ...... 1.490 .842 750 26 8,79,6#00

i Salmon catch data for the Sacramento-San Joaquin1916 990 ,525 495 25 3,450,000
gill net fishery for the years 1864-1957 are given in1924 748 435 430 _ 2,640,000
Appendix C-2 and are shown graphically in Figure 28.1927 s74 307 307 _ 917,000

1938 ..........250(est.) 149 200(est.) _ 1,668,376
The annual landings in the early years are for the1955 225(e~) 134 175(est.) _ 2,273,809

I commercial catch and do not include the portion.1Dam raosfly’a~ter G-’large, 1929.
consumed locally, which was ~stimated by the Cali-
fornia. Fish Commissioners at about 20 to 25 per-that period, the. ~10w being 397,572 pounds in 1934.

i
cetit of the total. :Neither dothe landings includeHowever, in 1957 only~ 321,824 pounds were taken by
salmon taken above the City of Sacramento. the gill-net fishery, th~ lowest catch ever recorded.

During the 1880’s the salmon catch remained aboveThe 44-year mean catch forthe I915-1958 period is
six million pounds: In 1883 the Commissioners esti-1#84,931 pounds, 0r"rn0re than 4 million pounds a

I mated there were 1200 boats engaged in salmon fish-year less than the"1870-1914 period. One of the prin-
ing (two men per boat) and 21 canneries operating,cipal factors, of.course,, which accounts for much of
By .1886 they estimated there were 3,000 men fishingthe difference is the large increase in the ocean troll
for salmon. These reports are in conflict with Clark’sfleet. Sacramento-San Joaquin .salmon are taken in theI (.1929) data (Table 9), but neither report clearly indi-
cates the extent ofthe area under consideration or the

ocean by the trollers before they return to these riv-
ers as spawners, thus reducing the number available

siz~ of boats,                                    to.the gill-net fishery;. The tabulati0ns..in Appendix

i The Fish Commissioners’ report .for.the .years 1883-B-2 show the state-wide Salm0n~Jandings of 1916-20,
84 points out the loss of the McCl0Ud RiVei~ spawn-1924-25, 1944-47 and 1954256t0 equal or exceed thoseing grounds due to railroad construction activities, andOf any other period in. the history of the fishery. (See
the subsequent abandonment of Baird Hatchery. Theyalso Figure 24), However, the extremely poor catches

I also expressed deep concern over thefact that damsat. the state-wide level. between 1926 and 1943 andhad been placed on the Stanislaus, Tu01umne and Sanagain in 1957and!958’,. despite:greatly increased effort,
Joaquin rivers and tribut~i~S of tiie Sacramento River.

"Another pr0bEn~!~ng the~.was th~’~ la~ge~um-ar.e evidence .of:~n b~cer~all ~de~iine ih. the salmon fish ....

I . ery....Ano~h~r;impor~an.t£.eg0~ideration‘ .affecting the
ber0f smaller::!~t~r..:~Veb~ions Oh. ah~dr0~oUs"i~:fishgil!-net:fiSheryjsir~ti:i~f!~e:.l~ffi~lation in’~he Delta and
streams, Inltheir:.~i~ntl~"bi~,~ll.r~i~oi!t i:fieCo~s2¯ .tiger ?ashery, which reducedfishing seasons and modi-

I sidh~ b~ ~n~d:to, p~eve~t ~e I0ss. Of jU~iaite down-:::iThe C~i~ai: Valley: Project, andother ,similar water
stream, migrant salmon. " development projects must alsi~ be:eonsidered, in thatThe eatch:,0f 1891. (LgST,3S4) pounds) was ."~hepO~er,::fl60dC0~trOl; "ir gi rA0it"andother water use
lowest on ree0rd.:at that time. The landings pickedand conservation projects, have .reduced Or eliminatedI up, however, and again went over 10 million poundsflows off divertedbelow dams, cut spawning
in 1910, 30 years after the previous peak.              fish into irrigation canals, and changed the general

areas,

Between 1874 and 1914 the mean annual catch for    regime of streams. The influence of such projects is

i the 27 years recorded was 6,146,203 pounds, illustrated by the Friant Dam project on the San
The salmon canning industry hit its peak in 1882Joaquin River, where the lack of adequate releases

but lingered on until 1919 when the industry wasfrom it and other dams and weirs below it have elim-
abolished by legislative action. The salmon pack frominated a former major spring salmon fishery. Although
1.864 to 1919 is given in Appendix C-3. actual data are not on hand, there has been a substan-

1915 tol~rcscnt. Another decline occurred in thetial reduction in salmon spawning areas as a result of
Sacramento-San Joaquin gill-net salmon fishery be-water projects.

I tween 1915 and 1939, after which the landings soaredFortunately, in most instances arrangements have
upward to a peak of 6,463,245 pounds in 1946, onlybeen made with project sponsors for the protection of
to recede again. The period from 1926 through 1943the resource or compensation in the case of losses.
was the most dismal in the history of the fishery,Hatcheries have been built to replace lost spawning

I averaging just over a million pounds a year. Onlyareas, screens installed to prevent losses at diversions,
once was more than 2 million pounds taken duringor flows maintained for the preservation of fish life.
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One other factor must also he considered in specu-
lating upon the decrease of ~Imon runs; namely, P~he~y. On the basis of salmon landings be~een
the e~ec~ of industrialization and urbanization. 19~2 and ~9~6, it ~ possible to assign a value of so~s
Chronic sewage and waste discharges into the streamsto the king salmon resource which each year passes in
and bays are usually adverse to natural conditions,and out of the Bay.
Many pollutants of industrial nature are toxic to fishResear.eh by the Marine Resources Branch of the
life in small quantities. Department of Fish and Game indicates that about

The degraded condition of the Bay was common70 percent of all California salmon landings originate
knowledge even before 1900; since then the industrialfrom stocks of the Central Valley. Since the annual
and population growth of the Bay Area has beenstate-wide value (1952-56) averaged $2,716,367, the
manyfold and so has the volume of the wastes, proportion attributable to the Central Valley is there-

It is beyond the realm of this report to go intofore approximately 2 million dollars a year (see Table
detail on any of the above factors to determine which10). Many fish of Central Valley origin are also
has been the most iniurious to the Sacramento-Sancaught off Washington, Oregon, and British Columbia,
Joaquin king salmon runs, but all must be considered,thus creating wealth in those areas.
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SACRAMENTO - SAN JOAQUIN RIVER
COMMERCIAL SALMON LANDINGS

1864-1957
FIG." 28

Sport FisheryTABLE 10
POUNDAGE AND EX-VESSEL VALUE OF CALIFORNIA

SALMON LANDINGS 1952-56 z Trolling is the principal method by which sport
Proportion fishermen take king salmon. Most of the fishing takes
Assessable place outside the Golden Gate, although occasionally

Total Total to Central good catches may be had in the Bay. Data on sport
Year               Landings Value Valley (70%) fisheries is of recent origin, and practically nothing in
1952 ...........................7,275,026 $1,802,883 $1,262,018 the way of quantitative data exists for the period be-
I953 ........ 8,006,000 1,927,849 1,349,494 fore 1940.1954 .................9,498,624 2,834,313 1,984,019
1955 ....... 11,977,697 3,593,309 2,515,316 Anglers have taken salmon in the ocean for many
1956 ......................... 11,411,609 3,423,471 2,396,437 years but on a relatively small scale. Within the last
5 Year Averages.~ 9,633,813 2,716,367 1,901,457 15 years, however, the sport salmon troll fishery has
~ At the tlrze of l~rindng final figures for 1955 and 1956 were not avail-

able; however, they did ~ot diffe~ appreciably ~om those given, expanded tremendously. A large fleet of party and
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FIGURE 29. Surf fishing fn ~he shadow of the Golden Gate. D. F. & G. photo by Kramer Adams.

charter boats operate out of Berkeley~ San FranciscoThe amount of money paid in fares for party boat
and Sausalito. Party boats are als0’~vailable at Prince-services was estimated at just about one million. ~ol-
ton by the Sea, Bodega Bay, To~ales:.B~; and otherlars a year for 1955 and 1956. Th~ percentage.:~i’ttrib-
ports.. ~ .~ ....... ...... utable to the Bay Area would be 73,5 ~nd 60.Spercent ~

McCully (1957) summarized.results, of.,.a!!,intensive...respectively for these years.
survey which has been.~etnducted since i954:.under aThe Skiff Fishery. McCully’s report also contains
Federal Aid To Fish Restbrafion Program, : and which. da~’’0n. the skiff.or small boat fishery. Bodega Bay
was designedto obtain a rneasur~e’ of the. 0ce~n ~a~0narid T0males Bay are the chief areassupp0rtlng this
sport fishery, type of fishery. I-Ie reported an estimated.3,600 Skiff

The Party Boat Fishery. A total statewide catchdays and 7,000 angler days produced 1;896 salmon

by party boat anglers of 154,600 fish in 1955 andat Bodega Bay in 1956. In Tomales Bay 942 salmon

128,500 in 1956 was reported by McCully. Of those
were taken with effort estimated at 1,381 skiff days
and 2,953 angler days. His estimates, however, are for

totals 75.3 and 60.5 percent respectively were takenabbreviated periods and are not an estimate of the
by boats operating out of Bay Area ports. The seasontotal effort or catch of this fishery.
at that time ran from February to November withThe amount invested, in skiffs, motors and trailers
thecatchpeakingin July. along .the Coast was estimated at one million dollars,

For I955 he reported a total of 132,200 angler daysof which about 20 percent can be charged to the
and for 1956 a total of 129,2.00 angler days spent fish-Bay Area.
ing from salmon party boats. Thus, about 130,000The River Fishery. Sport fishing inside the Golden
anglers per year fish for salmon from Bay Area partyGate is excellent on occasion, but is not dependable
boats. As might be expected the effort and catch arefrom year to year. Salmon are rarely taken bet~veen
proportional. Bay Area boats accounted for 73.5 andSan Pablo Bay and Sacramento on sporting tackle
60.8 percent respectively of the angler days recorded,although anglers have reported a few from the Rio
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Vista area. The river sport fishery becomes increas-areas supplied with an abundance of clean, fresh, run-
ingly important north of Sacramento and reaches itsning water. On their way to the spawning areas in
greatest development near Los Molinos, Tehamathe Central Valley they must enter the Golden Gate
County. and pass through the Delta. By far the major propor-

A considerable amount of work has been conductedtion now ascend the Sacramento River, although vat-
on angler characteristics, angler success, length of an-iable runs bccur in tributaries of.the San Joaquin River
gler day, etc., but no reliable estimates are availableev.ery year. Salmon may be present within the Bay.
concerning the total number of anglers which partici-at all times of the year, but there are three well, defined
pate in this activity or the number of fish taken an-runs. The largest is the fall run which begins about
nually. There are three different periods during thethe first of August, and peaks near late September.
year that salmon are available: fall, winter, and spring.It trails off about the first of Nbvember, when it coin-
Sreelhead are available to anglers during the fall andcides with the beginning of the winter run, which is
winter, while salmon support the fall, winter and. generally a small run lasting until February. The spring
spring fisheries, run begins sometime in February, usually peaks in

Economic Evaluation of the Sport Fishery. The May and ceases about June.
The largest proportion of the fall run spawn in theeconomic importance of salmon angling in this state

is quite surprising. Pelgen (19Ha) estimated that an-Sacramento River and its tributaries. The Tuohmne
glers in 1953 spent in excess10 dollars, on and Stanislausrivers.areparticularlyof million notablefan run

the basis of a reported daily expenditure of 16 dollarsstreams in the San Joaquin system.
per day. Since the Sacramento-San Joaquin systemWinter run fish appear to ascend only the Sacra-
produces about 70 percent of all California.caughtmento and a few of its tributaries.
salmon, it can be inferred that this fishery is respon-The spring run formerly consisted of fish which
sibIe for 70 percent of the total or seven million dollarsspawned chiefly in the San Joaquin system, but since
a year. Pelgen (1955b) therefore assigned a value ofthe loss of adequate flows in the San Joaquin River,
7 million dollars annually to this fishery; but it is thethe Sacramento River system now supports the bulk
b~lief of this writer that salmon angling in coastalof spring-run salmon.
.streams is responsible for a greater proportion of theThe McCloud River, a tributary to the Sacramento,
annual expenditure of 10 million dollars and accord-was an especially noted spring-run stream.

ingly 0niy 50 percent or five million dollars hasbeenUsually, fall run salmon proceed directly to the
assigned to the salmon sport fishery originating in thespawning beds, spavin and die. Winter-run fish spawn
Central Valley in this report, from May through June or July, while spring run

fish lay over in the cool deeper waters of the river
Life Hiaory Nofes during the summer and spawn in the fall. A portion

King salmon have been one of the most abundant,of the spring run, however, spawns in the Sacramento
economically important, and desirable of all CaliforniaRiver in May and June.
fishes. It is not surprising therefore, that this speciesSize of Run. The size of thesalmon inking
.would. be the first to come under scientific invesfiga-the Sacramento-San.Joaquin system has been estimated
don. The first steps~ toward obtaining"ffictual data onby the U~ S. Fish and Wildlife Service and Depart-
the li~e history of this species were made by Living-merit of Fish and Game survey cre~vs for a number
ston Stone. In 1897 N. B. Scofield was directed byof years. Estimates were based on counts of dead
the State Fish Commission to conduct the initial sci-spawners, aerial surveys, redd counts and tag recov-
entific investigation into the life history and habitscries. Since 1951 estimates have been based chiefly on
of king salmon. Rutter (1902) continued this worksurveys made by crews which count dead spawners
under the auspices of the U. S. Fish Commission. and estimate the proportion uncounted. Estimates for

Since then many separate investigations have re-the Central Valley are presented in Table 11-a. Table
vealed a tremendous amount of information on spawn-11-b lists the counts for the San Joaquin River.
ing habits, migrations, growth, food habits, maturity,Two large hatcheries are maintained to propagate
fecundity, catch composition and other facets of theSacramento king salmon. The U. S. Fish and Wildlife
king salmon story, though much still remains to beService operates Coleman Fisheries Station on Battle
learned. Creek, below Retting, and the California Department

The original work with salmon (1853-1900) wasof .Fish and Game operates Nimbus Hatchery on the
principally taxonomic. Stone and his successors in theirAmerican River east of Sacramento. Both installations
fish cultural activities made observationson abund-were built by the Federal Government to compensate
ance, fecundity, time and place of spawning. Scofieldfor spawning areas lost as a’result of waterdevelop-
and later workers solved many of the other problemsment projects.
in the complex life history of this species. Spawning Conditions. Warner and Slater (1955)

Time of Run. King salmon adults ascend the Sac-did extensive work on water and gravel conditions at
ramento-San Joaquin system and spawn in gravellythe time of spaw_ning. Based upon their observations,
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they formulated a table of standards for estimatingRounsefell (1957) reported that Sacramento River
the amount of spawning area available, using gravelfemale king salmon averaged over 7,000 eggs as corn-
size, water velocity, and stream depth as criteria. Gen-pared to 3,700 for fish of the same species in the
erally speaking, the best spawning areas contained upKlamath River. McGregor (19i2) reported over 5,000
to 50 percent small gravel (1 inch to 3 inches), 30eggs per female for Sacramento king salmon.
percent or more medium gravel (3 to 6 inches), andThe incubation rate is influenced greatly by water
lesser amounts of larger and smaller sized gravel ortemperature. In general, hatching occurs in 45 to 55
sand. Water velocities appeared best between 1.5 anddays at 50° F. but under natural conditions the ineuba-
2.5 feet per second. The most favored stream depthtion period may vary from five to ten weeks. Ira-
was between 10 and 24 inches, mediately after fertilization the eggs are hardy but

by the sixth day (at 50° F.) and for two weeks there-

TABLE 11. after they are extremely sensitive. During the incuba-
tion period the developing embryo requires a well

CENTRAL VALLEY FALL RUN KING SALMON aerated supply of fresh water. According to Tarzwell
SPAWNING STOCK ESTIMATES 1940-1959 z (1958) the dissolved oxygen content should be in ex-

Sacramento San Joaquin Total
Year Valley Valley Central Valley cess of 6 parts per million. Silt or sawdust are very

1940. _ 131,000+ damaging in that they quickly settle over or filter
1941_ _. 42,000 _~ through the redds and cause suffocation of the embry-
1944 ........ 130,000+ _ onic fish.
1951 ..... The fry emerge from the egg and subsist on the
1952 ...... 338,000 _ -- yolk sac for about 6 weeks, after which they begin
1953 513,000 84,000 597,000 feeding. Their emergence from the gravel is approxi-
1954 ...... 412,000 75,000 487,000 mutely three months after fertilization of the eggs.
1955. 369,000 31,000 400,000
1956 153,000 12,000 165,000 Downstream Migration. Most king salmon fry
1957 ............ 102,000 15,000 !17,000 begin their seaward migration shortly after their
1958.. 237,000 46,000 283,000 emergence from the gravel but a few do not make
1959 ....... 421,000 52,000 473,000 the journey, until the following year. They generally
xAfter Fry (1961) and based on aerial surveys, redd counts, tag recover- drift downstream tail first and, according to Rutter

ies, actual counts, and spasvning survey estimates by LI. S. Fish
(1902), travel chiefly at night, averaging about tenmud Wildlife Service and. California Department oF Fish and Game.
miles a day. They are about four to five months old
when they reach the ocean.TABLE 11b During their stream life temperatures should not

SPRING RUN KING SALMON SPAWNING STOCK exceed 70 degrees and the dissolved oxygen should
COUNTS SAN JOAQUIN RIVER 1943-1950 z be in excess of five parts per million.

Year Number Salmon Salmon fingerlings on their seaward migration are
1943 .............................................3S,ooo most abundant in the Bay Area between February
1944 ......................................... 5,000 and July. Rutter indicates it takes about two months
1945 56,000 for salmon to reach Benicia from Battle Creek, a tribu-1946 30,000

tary of the Sacramento River. They apparently re-1947 6,000
1948 2,000 main in the brackish water of the Bay until they be-
1949 (no count) come acclimated to salt water.
1950 (no fish) Food Habits. During the downstream trip the
xExcept for 1943, based on actual counts; however, at times estimatessmall salmon subsist on various insects, crustaceans andwere ~:equi~ed £or fish jumping ta~e dam and bypassing counting

station, other small invertebrates. By the time they reached
Benicia, Rutter found that copepods were the principal

The females choose the site, and dig the nests, oritem in the diet. It is quite probable, however, that a
redds, as they are called. After having scooped out alarge proportion of their diet while in the Bay also
large depression in the gravel, the female discharges aconsists of the small neomysid shrimps (Neomysis met-
number of eggs which are simultaneously fertilized bycedis), aquatic isopods, and polychaete worms which
the mill of an accompanying male. The female thenabound in those waters. Unfortunately this has been
covers the eggs with gravel from the upstream enda neglected phase in the life history of this .species.
of the pit, thus enlisting the aid of the stream cur-The amount of factual data on their feeding habits
rent. Later, the same process is repeated until thein the Bay and Delta is meager.
entire complement of eggs (about 5,000) is exhausted.Merkel (1957) made a study of the food habits of
The entire spawning process may require a week oradult king salmon in the vicinity of San Francisco.
more. The redds may be 10 feet or more in diameterDuring a one-year period (October 1954 to October
and be built a foot or two above the stream bottom.1955) he examined the contents of 1,004 sport-caught

All Pacific Coast salmon die after spawning, salmon. Excluding all items identified as bait, he found
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the items in Table 12 to be the principal constituentsThe young entering ocean mustfishbefore the also
in the diet of king salmon, cope with numerous hazards. In the first place the

alevins and fry are prey for many other species of fish.
TABLE 12 Secondly, they are vulnerable to a great many water

FOOD OF ADULT KING SALMON diversions all along the Sacramento and San Joaquin
Peroentage of Rivers and the Bay until they finally pass out of the

Item Total Volume Golden Gate.
Anchovy Pollution still another hazard and adultswellNorthern 29.1 is as

Rocktishes 22d as the young are susceptible. Warren (1949) reported
Euphamiids ......................................................14.9 the kill of a considerable number of adult salmon fromPaeifle herring 12.7
Squid ...............................................................9.3 sewage pollution while the fish were on their spawn-
Other Fishes .................................................7.3 ing migration in the Tuolumne and San Joaquia rivers.
Crab Megalops .....................................................4.0 The young may find themselves in a particularly

precarious postion with respect to pollution in the
From August to November (season closed to fishingBay Area because of the tidal prism; they may be

November 15 to February 11) anchovies were theflushed back and forth through several tidal cycles
major item. They probably continue to be the mostbefore escaping from contaminated areas.
important item until herring arrive in November or
December. Herring are the principal item from at
least February to April when euphausiids, squid andSILVER SALMON AND STEELHEAD TROUT
crab megalops predominate. Rockfishes become im-
portant in May and are the most frequent item in JuneIn the Bay Area both silver salmon and steelhead

are important primarily for their contribution to the
and July when anchovies again begin to occur, sport fishery. Steelhead are, or were, found in a num-

Within San Francisco Bay northern anchovies wereber of tributaries to San Francisco Bay including the
the most common item observed; however, as ~.rule:Sacramento River system, and in the principal tribu-
salmon taken in the Bay are maturing and Me~kel:taries of Tomales Bay as well as most coastal streams.
found that most salmon had ceased feeding.    "~.i:!~W~th a few exceptions silver salmon were restricted to

Ocean, Life. After the juvenile salmon enter’xhe~: :coastal streams in the Bay Area. They are not native
ocean, their movements are not well known, but..~.~i~the Sacramento River but were introduced there
marked Sacramento River fish have been taken so~thAn.q956.
of Monterey and north to British Columbia. One.:!(~:!’:Since 1927 it has not been permissible to take steel-
marking experiment, for example, indicated a maj~ityhe~d .commercially. Silver salmon have formed a very
of ~those released in the Sacramento River wereiqaterminor part of the ocean salmon catch in the Bay Area
caught off Washington and Oregon. and:-were unknown to the Sacramento-San Joaquin

King salmon are voracious feeders and grow exceed-gill net fishery undl 1957 when returns of the t956
while in the the rime experimental stocking by the CaLifornia Deparmlentinglyfast ocean.By theymature

three to seven years later, they may weigh in excessof Fish and Game contributed substantially to an
of 70 pounds. The average weight upon returning isotherwise poor salmon catch.
20 pounds, although 50 pound fish are not uncommon.When Captain Wakeman, under hire of the State
Kings are the largest of all salmon, with indvidualsBoard of Fish Commissioners, in 1870 surveyed the
of over 100 pounds having been caught, fisheries of the Bay Area, his survey included .the

Most king salmon mature at three or four years;coastal streams from Spanishtown on Pilarcitos Creek
however, grilse, that is, fish which mature after oneto Pescadero. He described the ~vretched conditions
growing season in the ocean, are not uncommon. Afterof the streams due to the logging, saw mills and flour
maturing in the ocean salmon return to their nativemills located on them. The inference from his descrip-
streams to spawn and die. The amount of straying isLion is that the streams had once been very productive
remarkably low. of silver salmon and steelhead trout but at the time of

Sources o~ Mortality. While in the ocean king sal-
his survey.were greatly degraded. The fish taken were

mon themselves are prey fOrintenseOther species of fish.sOldcisco.lOcally rather than being shipped to San Fran-
They are also subjected to an troll fishery by
both sport and commercial ~ishermen. Upon enteringWakeman points out that trout and salmon from
the Sacramento-San Joaquin system, they formerlythese streams brought 75 cents per pound in 1870.
were subjected to the highly efficient gill net fisheryHe claims that a wagon load of these "beautiful" fish
in Carquinez Strait and Suisun Bay. Legislation en-weighing 2 to 30 pounds each were taken daily from
acted in the spring of 1957 and effective SeptemberPescadero Creek between October and March. Ap-
27 of that year eliminated the latter source of exploi-patently San Gregorio Creek also produced fish in
ration, commercial quantities at that time.
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SILVER SALMON when 49 fish averaging one to four inches were taken
in traps.

Silver Salmon Sport Fishery In December of 1956 three of the fish stocked the
Silver salmon ascend most coastal streams and sup-previous March strayed into the American River on

port a seasonal fishery in the winter. They are takentheir return from the ocean and were taken at Nimbus
by anglers both in the streams and in the lagoons atHatchery. Silver salmon have since appeared in the
the stream mouths. Pescadero and Papermill CreeksFeather and Mokelumne rivers also.
are probably the most notable streams in the area.The following gives an indication of the early sue-
Actual data on the number of anglers who engageeess of the introduction (Data from Quarterly Reports
in silver salmon fishing, or on their catch, are notof F7R Sacramento-San Joaquin Salmon and Steelhead
available. Study).

The sport troll fishery in the ocean takes a fairFor the 1957-58 season (July 1, 1957-June 30, 1958)
number of silvers, but the proportion is quite smallfishery persounel actually counted 1,523 returning
as compared to king salmon. The year 1957 was anadult silver salmon in the upper Sacramento River.
exception in that king salmon catches were poorThrough tagging operations it was estimated that the
while silver salmon were much more abundant thantota,1 run consisted of approximately 4;180 two-year-
usual, old fish of the 1957 plants and. 2,240 three-year-old

Veteran anglers feel the silver is a garner fish than~ish from the original 1956 release. The estimated
the king when taken on rod and reel. catch by anglers, extended on a basis of 41 tag re-

Introduction of Silver Salmon into the Sacramento turns, was 312 fish.
River System. Preliminary results of the experi-During the 1958-59 season the run was .estimated at
mental introduction of silver salmon into the Sacra-~ 5,600 three-year-old fish and 6,000 two-year-old fish.
menlo Valley have been impressive. The initial stock-Table 14 gives the numbers of each species passing
ing took place in March of 1956 when 43,025 yearlingthe Clough Dam counting station on Mill Creek,
silvers were released in Mill Creek, Tehama. County,Tehama County, during the period September 28-
by. the California Department of Fish and Game. TheOctober 31, 1957.
time and location of these and subsequent releases are TABLE 14
show in Table 13: SALMON AND STEELHEAD PASSING THE CLOUGH

DAM COUNTING STATION, MiLL CREEK, TEHAMA
TABLE 13 COUNTY (SEPTEMBER 28-OCTOBER 31, 1957)

TIME AND LOCATION OF SILVER SALMON Species Number Percentage of Total
INTRODUCTIONS TO SACRAMENTO King Salmon 465 16.6

RIVER SYSTEM, 1956-1958 . Silver Salmon 1,506 53.7
Number of Steelhead Trout 833 29.7

Date Location Fingerlings
March 19, 21, 22, 1956 Mill Creek at 2,804 I00.0

Child’s Meadow 24,150 (total)
March 20, 1956 Mill Creek at SiLver Salmon Life History NotesWard Dam 6,300
March 23, 1956 Mill Creek at In .the Bay Area,. silver salmon occur in most of the

Clough Dam 12,757 creeks directly tributary to the..Pacifie Ocean and at
February" 14-19, 1957 Mill Creek at least a few streams tributary to San Francisco Bay.

Child’s Meadow 28,340 (total)
March 20-21, 1957 Mill Creek at Perhaps the most notable streams in this region in

Clough Dam 12,575 which silver salmon now occur are Pescadero, San
April 17-29, 1958 Mill Creek at Gregorio, Gazos, and Papermill creeks.

Ward Dam 38,003 (total) Silver salmon have been the subject of a numberApril 15, 1958 Mill Creek at
Child’s Meadow 10,797 of investigations in California, but have been over-

December 15, 17, 1958 xSacramento River looked to some extent in favor of the larger and more
at Bali’s Ferry 21,418 (total) valuable king salmon.

December 16, 1958* Chico Creek Shapovalov and Taft (1954) made an exhaustive
Ponderosa Way 4,624

December 17, 1958 x Deer Creek at study of the life history of this species, and their work
Highway 99E 9,489 includes the findings ot~ other investigators

x These were fish zaised at Coleman, National Fish HatchexT of the LI.S. Most of the ensuing information On thisspecies is
iFish and Wild]fie Service from eggs taken fxom returning adult based upon their work. Their studies were conductedsilver salmon of the 1956 and 1957 plants,

from 1932 tO 1942, ~principally on Waddell Creek,
The first recorded adult fish to be taken by anglingSanta Cruz County. This is a typical coastal stream

was in August 1956. In 1957 silvers were caught byjust south of Pescadero, except that at the time of the
commercial fishermen in the Delta. The first naturallystudy it had been relatively untouched by logging or
spawned silvers were observed by Departmental per-other human activities for many years. It was also
sonnel in Mill Creek in the winter and spring of !958closed to fishing.
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I      Time o~ Run. Silver salmon begin to appear in the      Silvers, unlike most kings, normally remain in the
streams about November and may continue till March;stream for one growing season ’ before going to sea.

i the bulk of the runs, however, occur from the last ofAbout July or August they move into deeper pools
November to the first of February. and apparently cease or diminish their, feeding aetivi-

" The run is comprised Of both grilse and adults thatties, since, the rate of growth becomes perceptibly
have spent two or more growing seasons in the ocean,slower. These changes in habit are attributed to in-.

I the latter being the most common. Silvers, like allcreasing stream temperatures. Growth continues to be
salmon, normally spend at least one growing seasonslight until the following spring, About late March or

" in the ocean before maturing. Males predominate inApril they begin their seaward migration and reach
the early portion of the run, females in the latter,the ocean by June. They usually move down in small

I The migration takes during the day- schools during the twilight and night hours.upstream place
time. There is a correlation between the general timeDuring their life in the stream (first year of life)
of the spawning runs and periods of rainfall. Theyyoung silvers feed principally on insects, crustaceans

I will ascend on both rising and falling stream levelsand other small invertebrates. During their early ocean
but cease movement during peak floods, life marine invertebrates are the major item in the diet

but as the fish grow they- become progressively more
Spawning Conditions. The spawning conditionsPiscivorous.

I and the act of spawning are similar to those alreadyThe fry grow rapidly after emerging from the¯
described for king salmon. The female, as in all salmongravel and attain a length of about three inches by
and trout, chooses the redd site, usually near the headJuly or. August. By the time they reach the ocean the
of a riffle, in medium or small gravel. The locationfollowing spring, they are about six inches long.I insures a good supply of oxygenated water. The re- "
male digs the nest, which is generally just a littleOcean Life. ~ The movements and behavior of silver
larger in diameter than the length of the fish. Severalsalmon in the ocean are not well known. It is be-

i males may accompany her, but usually only one be-lieved the young fish at first remain close to the shore.
comes, the mate. She moves, into the depression, de-But recoveries of marked and tagged fish indicate they
posits a .number of eggs..which are simultaneouslymove offshore from their native streams within a few
.ferr~zed by the male, and thencovers .them. The samemonths. They are thought to remain within the limits

I ~rocedure i,s repeated at several. Sites uhtil all of theof the continental shelf during their life in the ocean.
eggs are extruded. Spawning may take a week orVarious populations probably mix in the ocean. Ob-
more. Shapovalov and Taft believe that at least 97servadon of the sport and commercial catches indi-
percent of the eggs spawned lodge in the pit and arecares mass movements occur.

I properly buried. :Homing, in other salmons, has been established,
The adults die after their first spawning. Death is abut straying is common and may exceed fifteen per-

result of physiological changes independent of thecent. Shapavalov and Taft theorize that the amount of

I rigors of the. spawning or migration, straying is determined at the time of the downstream
~ migration; the larger the number and smaller the size

Embryology. The incubation period varies fromwhen they move down the greater will be the amount
38 .days at an average temperature of 51.3° F. to 48of straying.

I days at 48° F. In Waddell Creek, the usual period ranGrowth in the ocean is rapid. Grilse returning after
from 35 to 50 days. Colder water of course extendsone year average about 16 inches, while the average
the incubation period, size of both sexes after two years in the ocean is 25

i As in the ease of other species, silt has a deleteriousor 26 inches.
effect on the eggs. Shapovalov and Taft believe that
silt is the principaI factor determining the percentageSurvival The over-all survival from egg to ran-
of silver salmon that survive to emerge from theturity varied from 0.02 to 0.3 percent during six

I gravel. Under favorable conditions they estimate 65seasons at Waddell Creek, with a mean of 0.13.
to 85 percent of the eggs deposited result in fry. Survival from the time of the downstream migra-

tion to the time of return to the stream was found toStream Life. The young fish, as soon as they are

I able, .move to shallow gravelly areas near the sides ofaverage 2.3 percent. From time of egg.deposition to
" the stream, where they tend to congregate. Here theythe time the fish began their downstream migration

feed avidly and grow rapidly. Later they separate,survival averaged 1.35 percent.

move into deeper water and change their diet. Survival from the time they moved to the ocean
~ A marked decrease in the number of small silveruntil the time they returned showed considerable

salmon occurs shortly after the peak of emergence,variation. Survival during four seasons varied from
This, according to Shapovalov and Taft, is caused0.98 to 7.72 percent, averaging 4.95 percent.

I chiefly by predatory fishes, at least in relatively un-Deformities and disease among natural populations
couched, and unfished, streams such as Waddell Creek.in their normal environment is uncommon.
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Sources of Mortality. Stream life was shown to T,~ ~
be the most hazardous phase in the life history of SUI~I~ARY OF STEELHEAD CENSUS ON FiVE
this species. Predatory fish were believed to be the BAY AREA STREAMS (1954.55 SEASON)
greatest factor affec~ng them during this period in c~,~    Es~atedTot~s~o~Pe~

Days Angle~ ~gl~ An~ez 8tee~ead ~at~ pe~
Waddell Creek. Since they spend a full year in theN~ o~S~eam Census~a Day~ Hours Days Cat~ ~e~Day
s~eam before migrating to the ocean, they are suscep-W~Iker Creek ~l 471 1,481 1,~18
tible to other hazards, namely poor logging practices, Paper~ll Creek ~ S41 2,948 2,1~

N~pa ~ver ~8 762 2,188 1,$08 ~71 0.28pollution, drying streams and other natural phe-San Gregorlo
nomena. Creek ~ 8 82 218 188 ~I 0.27

Timbering ~nd mi~ng practices be~een 18~0 andPesc~dero Creek 24 41~ 1,292 2,281 249 0.11
1900 vitally ruined a numbe~ of fine coastal s~eams
in Santa C~ and San Mateo counties insof~ as their

Totals 7,6~8 1,6~

use by salmon and s~ee]head was .concerned. Never-Russim ~v~~ 2~ 600 2,172 1~,~01 8,369 0.~$

theless, the ~ns have shown gradual recovery with
S~n Lorenzo

River~ 2~ ~08 $67 11,25~ ~91] 0.48
the abandonment of the mills ~nd evenm~ regroWth~or i~u~

~ For Deeemb~O~ the logged-over areas. ~ ~or j~ua~ and ~ebma~
Curren~ logging ~nd dai~ and winery pollution

are the present threats to silver salmon and stee~eadThe same da~a ~or the Russian and San Lorenzo rivers

~ the Bay Area s~eams. Since their in~oducdon into~e presented ~or comparative purposes. These rivers

the Sacrament~San Joaq~n system they are alsoare noah and south o~ the Bay counties respectively

t~eatened by the ~actors previously described for~nd ar~ considered good s~eelhead s~eams.

~ng salmon. The data a~est to the persistent effor~ of anglers

S~ce silver salmon ascend even the sma~est s~eams
~ spite of see~ngly poor result. The seven thousand

their complete ~stribufion in the Bay ~ea is notplus angler days here recorded for these five s~eams

but they may be expected in most coastalare but a fraction of the total effo~ spent on steelhead~own,
S~eams with adequate spawning gravel and a good ang~ng ~ the Bay ~ea s~eams.

~all and w~ter ~pply of water. ~ Angling for ~e ad~t fish does not constitute the
en~e spo~ fishery: juve~e steelhead in. the ~reams
and hgoons ~so suppor~ a hrge amount

S~H~A~ The effort expended~ for the young fish may exceed
S~eel~eo~ Spo~ Fishery that for adults. When caught in thee locations ~uve-

~le steelhead are o~ten confused with resident m~n-
In the ~nds of many ~nglers stedhead fishing tmn-bow ~out w~ch are common in mos~ streams. Ang-

scends aH other ~orms o~ angling. These beaut~ul sea-ling for s~eam fish is possible over a much longer
~n trout are one of the gamest o~ all sport fish~,period o~ the year than ~or the adults, w~ch run du~-
S~ll ~nd patience ~e req~red of the successfuling the winter months and e~Iy spring.
angler, but ~ese are rewarded manyfold each dine The Sacramento ~ver supports a steelhead fishery
one of these fish is encountered, o~ ~ak quarry, Be~een 1953 and 1959 ~e Dep~ent

The best known steelhead fishing streams in themade annml counts of fish ~apped near Fremont Weir
State are north o~ Tomales Bay, but excellent catcheson the Sacramento ~ver and conducted creel ceri-
se also made on occasion in Bay Area streams, sus~ farther upstream. From six years o~ ~app~ng,

~le steelhead are native to the Sacramento River,tagging, and census data, the run was calculated to
the sport fishery for them developed largely afteraverage about 20,~00 fish annually. Anglers took from
Shasta Dam was built. It is not known whether the 20 to 38 percem of the run each year. Derailed data
change in the regime of the river has resulted in betterfor 1953-54 tl~ough 1958-59 are presemed in Table 16.
con~fions and hence more fish, or whether the con- Pelgen (1955) ~ound that it cost the average angler
trolled flows have s~ply made them more available18 dolhrs per day to fish for steelhead. Since ~n esd-
to ~glers. Both factors are probably involved. At any mated 58,300 days were spent steelhead angling in ~e
rate, the number of anglers and the ~po~anc~ o~Sacramento-San J0aq~n system in 195~, he assigned
t~s fishery between the cities of Sacramento andan ~ual value o~ over one million dollars to the
Redd~g has increased greatly since 1950. steelhead fishery 0f this system.

In the Bay Area durlng the 19~5 w~nter scion, Juve~le s~eelhead are released into the Sacramento
wildlife protec6on o~cers of the San~ Francisco~ver each year from ~leman National Fish Hatch-
Region (III) of the Department of Fish and Game ery on Baffle Cred¢. The numbers released since 195~
censused the main steelhead s~reams of the San Fran-and their effec~ on the runs ~s shown in Table 16.
cisco Region. Five o~the streams included in theirThese stocked steelhead have comprised a variable
cens~ are wiflfin the area encompassed by this report,percentage of the annual sueelhead runs in the Sacra-
Pertinent data 0n the results of their check on thesemento River~ bu~ generally it is on the order o~
s~reams are given in Table 1 L percent.
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i Steelhead Life History Notes two years of stream life and one year in the ocean
(29.8 percent). Next were those with two years

The life history of this species is somewhat similarstream life and two years of.ocean life recorded on

I to that of the silver salmon, but there is a major bio-their scales (26.5 percent) and, in descending order,
logical difference between the two species. Steelheadthree years of stream life and one year of ocean life
are a sea-running form of the common rainbow trout.(10.5 percent), and two years of stream life and one
The steelhead, a trout, may spawn several timesof ocean life including a previous spawning (8.1 per-I whereas all salmon die after their first spawning. The above four 75 ofcent). groupscomprised percent

¯ The variable life history of the steelhead is sum-the run. There were other life history categories in
marized in this quote from Shapovalov and Tafteach ~rear’s run but none exceeded 5 percent. Steelhead

I (1954), "Unlike silver salmon, steelhead migrate to seaover seven years of age were riot observed.
at various ages and over a long period within a sea-Survival after spawning is higher among females
son, spend varying amounts of time in the ocean andthan males. The greater physical exertion of serving
return over a fairly long period within a season, aremore than one female and the fact that in so doing

I capable of spawning more than once, sometimesthey are subjected to the danger of being stranded by
spawning before their first journey to sea, and maylowering flows and the closing of the bar at the stream
even remain in fresh water for their entire lives." mouth was given as the probable reason.

I Time of Ran. Steelhead inhabit many of the sameAs in the case of silver salmon, males predominate in
streams as silver salmon. Their migrations occur overthe early part of the run, females in the latter.
a longer period, and in the Sacramento River, for in-Spawning Conditions. The ehoice of site and other
stance, may take place at nearly all months of the year.factors associated with spawning are similar to silverI The majority, however, enter the streams in wintersalmon. Needham and Taft of(1934) gavean account
or spring, steelhead spawning. They found that 550 to 1,300 eggs

According to Shapovalov and Taft they can be di-were deposited in each nest site and that it required

i vided into two general groups, determined by the6 to 7 pits to complete spawning. They estimated the
dine of the spawning runs. The spring run fish entercompleted redd to be 12 feet long and 5 feet wide.
while quite green but do not spawn until the follow-Sites are so chosen that the redds are rarely affected by
ing spring. The fall run is comprised of fish whichfalling stream levels.

I spawn the spring following their entry into the river.About 97.5 percent of the eggs were successfully
Spring runs do not occur in most California streams,buried in the redds. Egg loss due to use of redds by
In coastal streams the height of the run takes placesubsequent spawners may be severe in individual redds
between January" and March, while at the Fremontbut is believed to be negligible overall.I Weir location above Sacramento on the SacramentoThe number of varies with the size of theeggs
River, the run peaks about the middle of September.female. The average in coastal streams is perhaps close

Their ascension, in relation to such variables as waterto 5,000, although the range is from 3,000 to 12,000.

I flow, time of day, and storms, is similar to that de-The percentage fertilized is consistently high.
scribed for silver salmon. After spawning the survivors descend to the sea be-

Composition of the Run. The upstream migrantstween April and June. Spent fish typically do not feed
at Waddell Creek were largely (82 percent) firstin fresh water, but once they return to the ocean,

I spawners, although second spawners comprised 15 per-feedingandgrowthisresumed.
cent, third spawners 2.1 percent, and fourth spawnersEmbryology. In essence, the embryology of the
0.1 percent of the run. The most common categorysteelhead is similar to that of the other trouts and

I making the spawning run were fish which had spentsalmon. The incubation period may vary between spe-

TABLE 16

SACRAMENTO RIVER STEELHEAD RUNS (1953-59)z
Estimated Percentage Computed

Number of Number of of Run Number of Juvenile
Upstream Adults Hatchery Reared Computed Caught by Hatchery Reared Steelhead

Season in Run= Steelhead in Run Angler Catch-~ Anglers Steelhead in Catch Planted
1953-~4 ..... 14,400 400 (2.8%) 3,030 21.0 80 151,848
1954-55 28,400 2,320 (8.2%) 9,830 34.6 810 !77,259
195546 ...............28,320 5,220 (18.4%) 8,840 31.2 1,630 270,543
1956-57 ..............18,380 3,200 (17.4%) 6,960 37.8 1,210 227,113
1957-58 ...........19,410 2,880 (14.8%) 5,280 27.2 780 151,401
195849 .................14,340 940 ( 6.6%) 5,520 38.5 360 282,588a
x Data l~rovlded by Richard Ha!lock, Biologist, California Department of Fish and Game, under the Federal Aid to Fish Restoration Program.
2 Fish over 12.5 inches in length only.
a These weze unma~ked ~h since study had been terminated.
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cies and between different batches of eggs of the same"Homing" is well supported by the data of Shapova-
species. Wales (1941) made a very careful study of theIov and Taft. During nine seasons only 1.9 percent
development of steelhead eggs and found that theyof the fish marked in Waddell Creek strayed to neigh-
hatch in about 30 days at 51° F. He formulated a tableboring Scott Creek while the percentage straying from
showing the stage of development at various tern-Scott to Waddell Creek was but 2.9 percent.
peratures and time periods based on his work. HeSurvival. Overall survival was found to vary from
found that his values for rainbow trout were almost0.017 to 0,028 percent for Waddell Creek steelhead.
identical to those worked out by Embody (1934).Survival of the various life history categories is given
Since most of these species are represented in theby Shapovalov and Taft but the number and variabil-
Bay Area and are somewhat comparable to salmon,ity of these groups is such that a simple discussion is
Embody’s data (modified) are shown in Table 17.not possible.

Deformities and diseases among wild populations are
TABLE lZ not well understood but they are probably not preva-

INCUBATION PERIOD FOR TROUT EGGS AT lent. Furunculosis (a fungus) was noted at Waddell
VARIOUS TEMPERATURES Creek in the 1933-34 season, however. Freshwater

Incubation Time in Days copepods (Salminoeola oali~omionsis), an external
Water Rainbow Brown Brook Lake parasite, were detected on many individuals but their

Temperature Trout Trout Trout Trout presence was not believed serious. Mr. Joseph Wales,
35* F. - 1~6 144 162 trout disease expert formerly of the Department of
40° 17. __ 80 100 103 108
45* F.. 48 64 68 72 Fish and Game, has described many of the parasites
50* F.. 31 41 44 49 and diseases of steelhead and rainbow trout in Cali-
�50 F. 24 - 35 - fornia in a number of publications.
60° F. 19 - - - In the stream the food of steelhead consists princi-

pally of aquatic and terrestrial insects and other small
Mortality of young steelhead while imbedded in theinvertebrates. The smaller fish in saltwater depend on

gravel.is due principally to silt. Under favorable condi-marine invertebrates, while those in brackish water,
tions perhaps 80 to 90 percent of the eggs depositedespecially lagoons, feed on the. crustaceans Commonin
hatch. At the time of hatching the youngfish arethose waters. The larger fish are chiefly piscivorous.
ābout 0.7 inch in length and weigh about 270 fish toGrowth is similar to silver salmon and the adults
the ounce. About 4 to 8 weeks after hatching theachieve approximately the same length as silvers in the
young emerge from the gravel and at that time are justsame life history categories. Males tend to reach a
slightly under an inch in length and weigh about 180larger size than ~females among fish spending two years
per ounce, at sea. The opposite occurs among fish spending one

Stream Life. Post-emergence behavior and mor-year at sea. Steelhead may attain a weight of 30 pounds

talky is similarto that described for silver salmon. Inor more, but the average adult taken in the sport

late summer, however, their habits differ from silver
fishery probably weighs less than five pounds.

salmon in that instead of choosing pool sites they moveSources of Mortality. Predators are probably the
into somewhat swifter water. Their growth rate at.most serious hazard to young steelhead in many coastal
this time slows but not as markedly as evidenced instreams and this probably applies to the runs in the
silver salmon. Growth remains negligible until the fol-Sacramento River as well. In addition poor logging
lowing spring, practices, pollution, and drying streams also take their

The behavior of young steelhead is extremely vari-toll of fish. Outside of the metropolitan area, sikation
able. Most young go to sea during the spring or sum-and winery and dairy wastes are perhaps the major
met following emergence, but a secondary migrationpollution threats on Bay Area coastal streams.
usually occurs in the fall. Other fish may move down-The hazards of Sacramento River steelhead closely
stream at any time or not at all. Some may even re-parallel those of king salmon.
main in the lagoon for a year before entering theThe statements made previously concerning the con-
ocean, ditions of silver salmon streams before 1900 apply

Ocean Life. Steelhead life in the ocean remainshere also.

much of a mystery, even more so than salmon. They-Steeihead in the Bay Area are known to inhabit a
apparently do not wander as far out to sea or as farnumber of tributaries of streams which empty into San
from the home stream as salmon. For some unknownFrancisco Bay. Snyder (1905) found steelhead in San
reason they are only rarely taken by commercial orFraneisqnito, Madera, San Antonio, Stevens, Campbell,
sport trollers although a few have been taken in Mon-Guadalupe, Coyote, Arroyo Hondo, Smith and Isabel
terey Bay and near Fort Bragg. Those which haveCreeks. In a later paper (1916) he recorded them from
been caught in the ocean, were taken from piers orPapermill, Olema and Walker creeks, all tributary to
boats within a half mile or so of shore. Tomales Bay. These records, of course, do not include
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I    the many small spawning tributaries of the larger.     The State Board of Fish Commissioners in 1910
streams where steelhead might be expected, stated: "From the commercial standpoint the striped

i Unlike king salmon, which all pass through Sanbass stands next in value to the salmon as a food fish
Francisco Bay to the Sacramento River, steelhead alsoin this state. It is also one of the most highly prized of

" ascend the tributaries to San Francisco Bay previouslythe game fishes, being eagerly sought after by thou-
mentioned, and are therefore found in all parts of thesands of anglers throughout the State."
Bay itself, where they are most common during lateAgain quoting Smith: "In referring to their abun-

¯ summer and early fall. dance, mention is made of the presence of a numerous
body of fish on the Berkeley Flats in San Francisco
Bay, in June, 1894, and in the San Joaquin River ini STRIPED BASS December, 1893.

"An idea of the abundance of this species may beCommercial Fishery                              gained from the following statement by Mr. Babcock,

I Striped bass (R’occus saxatilis) were introduced into[California Fish Commission]: ’On June 19, 1894, the
California in 1879 by Livingston Stone at the sugges-fishermen struck a school of striped bass on the Berke-
tion of Mr. S. R. Throckmorton of the Californiaicy Flats in San Francisco Bay; on June 20 one boat
State Board of Fish Commissioners. Stone obtainedcaught 1,500 fish and the other boats made large hauls.

I 132 fish from 1 ~A to 3 inches in length and 30 medium-’These fish weighed on an 6 pounds apiece.’average
sized specimens from the Navesink River in New"It is doubtful if in recent years at any point on
Jersey. These were brought out by rail and depositedthe Atlantic Coast so large a catch of striped.bass-

I in Carquinez Strait at Martinez in July of 1879. An9,000 pounds-has been taken by one boat in one day’s
estimated 25 fish died enroute and several others werefishing."
discarded, so the number released is not exacdyThe bass distributed themselveswidely, very shordy
known, but is usually quoted a~ 132. A second plantafter being introduced. Within a few years they were
o~ 300 fish obtained from the Shrewsbury River, Newfound as far upstream .as Sacramento and Stockton.
Jersey, was undertaken by Mr. J: G. Woodbury of theLess than a year after being placed in Suisun Bay a
California Fish Commission and Mr. Emmet L. Marksspecimen was taken in Monterey Bay: They appeared

I of New York. These fish were .placed in Suisun Bayin the Russian River by 1890 and i~t Tomales Bay at
off Army Point, near Benicia. about the same time. By 1893 one was taken at Santa

Therein lies one of the most remarkably successfulCruz, and the following year two were seined at
attempts ever made to establish a species in newRedondO Beach, Los Angeles County.

i waters. Conditions must have been ideal because those
planted made phenomenal growth and the species

Small populations of striped bass became estab-
lished on the Russian and Salinas Rivers as well as

increased at a prolific rate. A few were reported taken
in 1880, and several more appeared in the San Fran-

Elkhorn Slou~h near Monterey Bay. In Oregon,

I cisco markets between 1880 and 1884. A fish weigh-stripers are found in Coos Bay and the Umpqua River.

ing 17 pounds was taken in~ 1883 and another of .18~A
However, in spite of a considerable coastwise dis-

pounds was offered .for sale in 1884. By 1888 several
persion, the overwhelming center of abundance of the

I ~:housarid were displayed in the markets and the corn-striped bass has been and remains in San .Francisco

mercial fishermen began to direct their efforts toward.Bay and the Delta Area.

them. Eleven years later (1899), a mere twenty yearsThe principal commercial fishing grounds for striped
after the introduction, the commercial catch asbass were located on the San Joaquin River in the Deka

J recorded by the U. S. Bureau of Fisheries was 1,234,-county and the majority of the catch was taken in
000 pounds, gill and trammel nets. River landings reached a peak

As late as 1888, striped bass sold for as much as abetween October and February, with the maximum

I dollar per pound in the San Francisco market. How-catches made in December. In San Francisco Bay itself

ever, by 1890 due to increasing abundance the pricelandings were most abundant during the summer.

had dropped to 18 cents per pound and, according toRecords of commercial landings are available for
.Smith (1895), between 1889 and 1892 the averagemost, but not all, years between 1889 and 1915. How-

I :price received by the fishermen fell from.25 to 11½ever, =between 1899 and 1915 it is evident that the
cents. In 1893 and 1894 the price was further reducedcatcti regularly exceeded one million pounds (Ap-
to about 3 ~ cents. Quoting Smith: "On June 21, 1894,pendix B-4). After 1915, regulations became progres-
the day following the large catch on the Berkeleysively more restrictive and the annual commercial

"1 Flats in. San Francisco Bay the wholesale price in Sancatch dropped below a million pounds (Appendix
Francisco was 3 ~A cents and the retail price 7 ½ centsB-2). The species was completely removed from the
a pound." (The report by Smith incidentally is onecommercial category in 1935.

I of the best we have on the early introduction and dis-Several reports have been written about this species
tribution of striped bass in this state.) in California. Scofield (193 ~.) described the life history,
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fishery and commercial catch. Craig (1928 and 1930)Strait. This type of fishing is most rewarding in theI
analyzed the commercial catch records and discussedsummer, when in Carquinez Strait upwards of a hun-
the status of the fishery. Clark (1933) continued thisdred of boats may be seen plying the water. A number[]
work and came to the same general conclusion, namelyof party boats operate all summer for the purpose of|that the supply was at the time capabIe of supportingtaking anglers trolling.
the existing fishing pressure. Both cautioned, however,Since the summer of 1957 fishing in the Bay near
against neglecting the effects of the rapidly growingAlcatraz and vicinity has been extremely rewarding1
sport fishery, and appears to involve a new development in the

fishery. The boats use heavy tackle and weights up to
3 pounds to fish deep. Salmon party boats were the

Sporf Fishery first to locate and fish the area, and word of the excel-
Smith (op. tit.) points out that few anglers werelent catches of striped bass soon brought the regular

fortunate enough to catch striped bass before 1895.~ striped bass party boats on the scene. In 1957, during
Shortly thereafter, however, the anglers began to takethe two months of July and August, 8,726 striped bass1
them with increasing success. A number of striped bassweighing 98,245 pounds were taken in 5,301 angler
clubs were formed and the sport fishery expandeddays. The party boat records from which these data
from year to.year, are derived are not a full measure of the effort or

catch, however, since a great many private boats whichSince1935 thefisheryhasbeenreservedexclusively
for sportsmen. Calhoun (see references) has done ex-are not required to report also fished the area.

tensive work on this species including migrations,Scofield (1926)pointed out the favored "old fishing
spawning, population dynamics, and their relationshipgrounds" for striped bass. These included San Antonio1to major water projects. Skinner (1955 unpublishedSlough near Petaluma, Oakland Estuary, San Leandro
data) analyzed the sport catch records dating fromBay and Petaluma Creek at Schukze’s Slough. Other
1936, and other available data and came to the conclu-noted areas were Cache Slough and its tributaries.
sion that a decline had occurred in the fishery betweenSausalito, Petaluma, Napa, Rodeo, Crockett, and Cut-
1944 and 1954. tings Wharf on the Napa River were favorite striped

The s~iped bass fishery is one of the most valuablebass resort sites. Baker’s Beach, San Francisco,. provided

in the state, both in terms of the recreation and sport itexcellent surf casting.

provides ~nd .the economic wealth it generates. OnlyMost of these are still good "bass grounds" but vir-
trout rank higher in the number of days spent bytually the entire South Bay including the aforemen-
anglers (Skinner 1955). The trout fishery, however,tioned Oakland Estuary and San Leandro Bay have
is statewide, whereas the bass fishery is concentratedbeen abandoned as bass fishing areas. The principal
in San Francisco Bay and the Delta. explanation for the absence of bass in the South Bay

The number of anglers participating in the fisheryappears to be the polluted conditions which prevail

now exceeds 200,000 a year. They expend on the orderthere. []
of 2 million days and 18 million dollars a year on thisSimilarly, the Napa River has lost much of its once|
activity (Pelgen, 1955). The catch is estimated at a.famous reputation because of pollution. Scofield (op.
million or more fish per year with an aggregate weightcir.) emphasizes the conditions there by quoting an
close to four million pounds, ardent Napa River angler, Mr. W. P. West, "... pol-

There is a year-round season which provides amplelution from garages [oit] and tanneries has ruined fish-
opportunity to fish and assures an open season withining of all kinds in the vicinity of Napa except when
all parts of its range, the rains have purified the river; then it is possible to

The fish are taken by-a variety of angling methodscatch fish in town for a few weeks out of the year,
in an area extending from the beaches outside thewhereas formerly they could be taken nearly the year
Golden Gate up the Sacramento River to Red Bluffaround. I
and up the San Joaquin River to Mendota. The up-"During the fall of I924 fish died in the Napa River|stream limits of its range were formerly more impor-
tant fishing areas than they now are. Most of thewithin a radius of six miles from the city of Napa.

fishery recently has been confined to the area bdowThe stench from the thousands of dead fish floating

Sacramento on the Sacramento R2ver and below Stock-on the water became so bad that it was necessary to|ton on the San Joaquin River. chemicalize the carcasses.

Fishing from an anchored boat has been the most"Years ago bass were so numerous in the lower
popular method. Bait used includes fresh or frozen sat-reaches of Napa’s sloughs that a man ro~ving a boat
dines, anchovies, clam, squid and live or dead sculpins,would strike a fish every few minutes xvith his oars.
Usually these baits are fished on or near the bottom.In recent years bass fishing in these sloughs has been

Trolling has been practiced on a limited scale inlargely abandoned because almost every slough that1
selected areas, the most renowned being Carquinez. formerly afforded good fishing has been leveed off."
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Angling Statistics. The Department of Fish andsubsequent years were provided by personnel engaged
Game has given particular attention to this speciesin the "Study of Sturgeon and Striped Bass", another
because of the intense interest expressed by sportsmenof the State’s Federal Aid to Fish Restoration pro-
regarding it, the recreation it provides and its eco-grams.
nomic importance. For statistical purposes and record keeping the Bay

Through periodic postal card surveys it has beenand Delta area is divided into so-called "Block Areas"
possible to observe the trends in the fishery. Catcheach with a designated code number. The specific
figures thus obtained are exaggerated but the longlocation of each block is shown in Figure 30. With-
term trends are considered fair indices of the statusout describing them in detail the blocks are as follows:
of the fishery. Calhoun (1950) discussed the methods,

Blockvalidity and reliability of them.
!~umber LocationThe catch figures obtained from these surveys are

shown in Table 18 along with the number of success-301 San Pablo Bay
ful anglers and the proportion of the state’s total which302 Suisun Bay Area
they represent. 303 The Delta

Since 1943 there has been a general reduction in308 Carquinez Strait
the total catch in spite of a doubling in the number488 North San Francisco Bay
of successful anglers. The mean annual catch per489 South San Francisco Bay
angler is now about one-third its former level. Block 308, Carquinez Strait: This area normally

Par~y Boat Fishery. Another method of observingaccounts for from one-quarter to one-half of ali party
angling conditions in this fishery has been by an analy-boat trips recorded each year. Angler success has been
sis of daily logs maintained by operators of striped bassmuch better here than other block. Block 301(Sanany
party boats. These men are required by law to corn-Pablo Bay) on occasion has supported a greater num-
plete a form, supplied by the Department, consistingbet of boat trips but Block 308 must be considered
of the number of anglers carried, number and aggre-
gate weight of the catch and location and time fished,the most important party boat area year in and year

These records are subject to some error but theyout. Fishing in Block 308. is negligible from December

provide the most reliable data available on the trendsthrough April, becomes increasingly good., as the sum-

in the fishery. Calhoun (1949) discussed their useful-met and fall progresses and peaks during the months
ness, reliability and the party boat fishery in some de-of October and November. Fishing effort and success
tail. The data provided in Appendix C-4 are takencoincides with the upstream migration of adult fish
from his report for the years prior to 1949. Data onin the fall.

TAB~.E 18

TRENDS IN CALIFORNIA STRIPED BASS ANG..LING
Mean

Percent- Annual Median
age of all Catch Annual

Successful Angling Per Catch
Year Total Catch Anglers Licensees Angler Per Angler
1936 ..............................................2,110,000 84,400 28 25 -
1937 .................................................2,040,000 81,900 26 25 -
1938 ..............................................1,940,000 92,800 27 21 -
1939 ....................................................1,880,000 89,000 24 21 12
1941 ..........................................................1,940,000 106,000 23 18 10
1942 1,680,000 88,200 20 19 -
1943 ......................................................1,680,000 75,000 17 22 9
1944 ..........................................................1,420,000 ....
1946 ..........................................................1,380,000 113,000 15 12 6
1948 ..........................................................1,650,000 161,000 17 10 5
1949 ......................................................1,750,000 165,000 17 11 5
19~I ......_. ......................................................1,490,000 144,000 14 10 5
1953 ..............................................................1,590,000 166,000 14 10 6
1954 ..................................................................1,440,000 158,000 13 9 5
1955 ............................-.. ...............................1,270,000 163,000 - 8 -
1956 ..................................................................1,000,000 127,000 9 8 5
1957 1,890,000 230,000 16.0 8 5
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I

FIGURE 30. Block areas used in analysls of striped bass party boat records.
1 There has been a recent revision in designating "Block Areas."

Block 301, San Pablo Bay: Party boat angling inBlock 488, North San Francisco Bay: The North
San Pablo Bay has fluctuated widely, at times exceed-Bay has been good on occasion but is highly variable.
ing Block 308, but at other times only accounting forIn 1944 this block accounted for 23 percent of all
a small percentage of the boat days reported (only 10party boat days, in 1948 a mere one percent. The
percent in 1947 as compared to 40 percent in 1943.)best fishing location is in the vicinity of Alcatraz and
The seasonal activity here parallels that of Block 308,farther north. Fishing is best during the summer
and in addition supports a fair spring and light sum-months and almost at a standstill from September to
mer fishery l:or the smaller non-migratory bass. April. Success in this block was very poor from

Block 303, Delta: The Delta ranks about third inWorld War II until 1957, when the deepwater troll

terms of boat trips recorded. In recent years it hasfishery previously described began to operate.

exceeded Block 301. The party boat fleet moves upBlock 302, Suisun Bay: Suisun Bay and the area up-
into this area during the fall and winter to follow thestream to approximately Antioch forms Block 302. It
run of adult fish. Fishing is usually excellent in No-is less .important than the previous four but on occa-

vember, moderate from December to April or May,sion has yielded excellent catches of striped bass. Prior
to 1945 about i0 percent of the boat days were spent(presumably because of the feeding habits of the fishin this area, since then less than five percent. The

and not abundance), picks up for a short period inbest fishing coincides with the fall run. Small fish are
late spring, and then drops off as the fish move backcharacteristic of Suisun Bay, and it is frequently"
down toward the Bay. Fish taken in this area arereferred to as the "kindergarten" by people familiar
generally large, weighing between 5 and 15 poundswith fishing here. Record analysis depends upon a
with fish up to 40 pounds being not uncommon, sample of at least 30 reports per month, and for many
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months and even for.a few complete years this block TABLE 19
did not provide sufficient party boat records. It is COMPOSITION OF THE STRIPED BASS PARTY
possible, therefore, that angling quality in this block BOAT FLEET IN 1947
could have been good but because of small fish theType Number Average Number of
operators preferred to take their clientele to other of of Days of Operation
areas. Operator Operators During the Year

Professional (Main
Block 4gY, South San Francisco Bay: This area issource of income) 3I 105

now relatively unimportant to the party boat fleet.Non-Professional (Some
Two locations, Hunters Point and Mission Rock, aredegree of permanence) 11 38

~esponsible for most of the records in this block. Fish-
Others

__56 __16
ing in this block has been fair in only three years since 98 159
1938. Between 1943 and 1946 less than one percent of TABLE 20
all party boat days were spent here. The area was
somewhat restricted during .World War II, which COMPOSITION OF STRIPED BASS PARTY
partially explains the lowered use during this period. BOAT FLEET 1946-1956

- Total Boats
However, even several years after the war it con- in All
tinued to be devoid of party boats. The fish whichYear Class I Boats1 Classes
are taken are large, giving the area some appeal. The1946 30 127
fishery is a summer one when it does exist. 1947 31 98

1948 21 124
In addition to these areas operators may take their1949 37 161

clientele directly to the ocean on the rare occasions1950 17 147
striped bass are hitting there. In 1956, for instance,1951 18 125

1,257 anglers caught 442 fish in the ocean from party1952 17 133
1953 15 ’ 156

boats. 1954 12 139
The party boat fishery is a small but important1955 11 102

component of the overall striped bass fishery. The1956 10 123

amount of effort from this source is perhaps on the1957 11 114
1958                               12              129

order of 5 to 10 percent of the total. For the 11 year~ From 1946 through 1952 the Class I Operator was eonslclered pzofes-
period, 1938-1949, party boats were responsible for sio~ if he operated throughout the greater l~art of the year as a

mala so~x¢~ o£ income. From 195~ oa the Class I Olmzator is de-
an average of just over 13,500 angler days per year~¢a as o~ who ~vo=s o~ 10o = ~o~ Cars d~-~g th~ ~e~.
including half day trips.
. Because of the knowledge, experience and skill ofGeneral Feataxres of the Fishery. The writer while

the operators, party boat anglers a~e somewhat morein charge of the striped bass investigation conducted
successful than the general angling public. The 9per-a survey of known striped bass anglers to obtain qnali-
ator knows when and where to find the fish and willtative data on the striped, bass sport fishery. Question-
travel some distance to assure his party of gbod fishing,naires were mailed to all anglers who in the regular

~ Regardless of this fact there has been a decided re-postal survey had d~clared they fished for striped bass

ducfion in the daily success of party boat anglers sincein 1955. Approximately 50 percent of the more than

1944. The reduction is approximately of the same mag-400 contacted responded.

nitude as that previously discussed for the postal mr-Angler Characterist!cs: Sixty-eight percent of the re-
vey. In Block 308 for instance, party boat anglerspondents claimed residence in the Bay Area counties
success diminished from 3.8 fish per angler per dayand another 20 percent resided in Sacramento and
in 1938 to 2.0 fish in 1954, a 50 percent decrease. San Joaquin counties. Alameda and Contra Costa coun-

Harold K. Chadwick of the Department of Fish andties alone accounted for 18.6 and 18.1 percent respec-
Game in the course of the striped bass study made antively or 36.7 percent of the total.
estimate of the amount of money anglers spent forThese figures indicate that 88 percent or about
party boat fares, based on the number of anglers using176,000 of California’s estimated 200,000 anglers who
these facilities and the average fare. His estimatefish. for striped bass reside in those counties immedi-
for 1957 was between $97,000 and $110,000 per year.ately adjacent to the Bay and Delta. Twenty-four of

The number of party boats engaged in the fisheryCalifornia’s 58 counties were represented by at least
varies from year to year. and has been decreasing overonestriped bass angler. These data are summarized in
the past few years. Not all boats are operated the year-Table 21.
around. Individual boats may vary from large wellAnglers were asked to record the npmber of years
equipped vessels down to the smallest inboard cruiser,they had fished for striped bass in California. It was
Calhoun’s data on the composition of the fleet for theinteresting to note that 40 percent of the respondents
year 1947 is given in Table 19. Mr. Chadwick hasreported having fished 10 years or more, indicating
furnished data on the fleet for the years 1946-1956,many striped bass anglers have had considerable experi-
shown in Table 20. ence. The mode, however, was one year.
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TABLE 21 year and a mean catch per day of 0.96 fish. Par~y
COUNTY OF RESIDENCE OF STRIPED BASS ANGLERS boat anglers, presumably reflecting the skill of the
County Peraentage Residing in County(ies) operator, averaged 1.16 fish per day. These figures are

Alameda 18.6 given in Table 23. Success as reported by these anglers
Contra Costa ......................18.1 is in the direction and within the general magnitude
MaTin ..............................3.8 one might expect. As a matter of fact, the success of
Napa ................................1.0 the party boat anglers in 1955, as determined by theSan Francisco 7.1
San Marco 6.2 actual records, is identical to the results reported in
Santa Clara ......... 8.1 this survey.
Solano 4.3
Sonoma 1.0

TABLE 23
Subtot£ (Bay Counties) ....... 68.1 STRIPED BASS ANGLING SUCCESS BY

Sacramento ........................12.9 EACH OF THREE METHODSSan Joaquin ......................................L1 Mean Mea~x Days Mean
Catch l~ished CatchSubtotal .................................. 20.0 Number o~ Reports Per Per ]Per

All Others (13 counties) 11.9 11.9 Method of Fishing Catch Days Year ¯ Year Day
ShuT’e, bank,

Total .........................................................100.0 pier or bridge 109 110 3.90 6.50 0.59
Skiffs and

In order to obtain some insight about the number ofRowboats 139 138 7.80 8.17 0.96
trips made by striped bass anglers each year, the fisher-Party and
men were asked to record the number of times theyCharter boats 27 27 6.62 5.70 1.16
went fishing. The mode was three and the mean ten
trips. These data agree well with the postal survey re-Catch Localities: The recipients of questionnaires
suits of 1953. Forty-fdur percent of the respondentswere also asked to indicate the locations in which they
went fishing 5 days or less, 26 percent 6. to 10 days andcaught their fish. In tabulating these returns the Bay
30 percent fished more than 10 days. and Delta were divided into 19 sub-areas and the

catches were assigned to those areas in which the
Characteristics of the Fishery: Another objective offish were reported caught by respondents. San Pablothe survey was to determine the approximate distribu-

tion of angler effort by the several methods of fishing-Bay accounted for almost twice (20 percent of the

party boats, private boats and from shore, total) the catch of any other location. The. combined
catch of all Bay Area locations was 43 percent of the

In this respect, 110 (40 percent of respondents) re-total as compared to 57 percent in the Delta. Next to
ported fishing 715 days from shore, bank, pier orSan Pablo Bay, Suisun Bay and the Napa River were
bridge, accounting for 35.8 percent of the effort andmost important in the Bay catch. Considering its size
25.1 percent of the catch. Party boat anglers (10 per-and location, the South Bay was negligible as corn-
cent of respondents) reported 7.7 percent of the totalpared to otherlocations,yieldingless thanone per-effort, and 10.6 percent of the catch. The small boatcent of the total catch. The catches in each area and
fishery, private and rented skiffs, accounted for 56.5

their respective percentages of the total are given inpercent of all effort in t955, and 64.3 percent of the
catch. These data are summarized in Table 22. Table 24.

It is interesting to compare the success of anglersThe San Joaquin portion of the Delta contributed
engaging in each of these three methods of fishing,almost twice as many fish as the Sacramento, 36.7
Shore fishermen averaged 3.9 fish per year for 6.5percent as opposed to 20.3 percent. Surf fishing along
trips and a mean catch per day of 0.59 fish. Skiffthe beaches outside the Golden Gate has been good
anglers caught 7.8 fish while averaging 8.2 days perat times in the past, but this fishery is very sporadic.

A few fish are taken by this method every year, but
TABLE 22 the number is usually only a small portion of the

CHARACTERISTICS OF THE STRIPED BASS total. The data in Table 24, for instance, indicate
SPORT FISHERY only one percent of the fish were taken in the ocean

Respondents Days ReportedFish Caught in 1955.
Type of Fishing No. % No. % No. % Due to the vagaries of sampling the results of the
Shore, bank, pier survey cannot be considered conclusive; however, inor bridge ...........109 39.9 715 35.8 423 25.1
Party and the light our present knowledge about the fishery,
Charter Boats .. 27 9.9 154 7.7 179 10.6 they appear reasonable enough to place a fair degree
Skiffs and of confidence in them. Other factors including regu-
Rowhoats ..........137 50.2 1,127 56.5 1,085 64.3 lations, migrations, weather conditions, etc. would also

Totals ........273 100.0 1,996 100.0 1,687 100.0 affect the results to some extent from year to year.
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TAaL~ 24 ing usually reaches a peak in May depending on water
STRIPED BASS CATCH LOCATIONS temperatures: and continues through most of June.

Number Percentage Temperature: Water temperature appears to exert
Location Fish Reported of Total an important influence on the time at which striped
1. Ocean 15 0.94 bass spawn. Raney (1952) summarizing the data of
2. South San Francisco Bay 12 0.75 several investigators lists temperatures from 54° F. to
3. North San Francisco Bay 38 2.39 71° F."as being the known tango at which they trove4. San Pablo Bay 321 20.19
5. Petaluma Creek and tributaries ....2 0.13 been observed spawning. Scotield, working with this
6. Napa River and tributaries 95 5.97 species here in California, found sperm viable at a
7. Carquinez Strait ......................58 3.65 temperature ranging from freezing to 90° F. He found
8, Montezuma and Suisun sloughs, the sperm most active at 68° F., sluggish below 42° F.

and tributaries ........................... 18 1.13 and died at 100-110° F. Spermatazoa were found to9. Suisun Bay up to Sherman Island .......125 7.88
remain active after 24 hours between 54 and 68 degrees

Total for Bay Area ....................684 43.00 in a 0.05 percent salt solution. He found that the

10. Sherman Island Lake ..........................78 4.91 sperm were active for about 3 minutes in water, after
11, Sacramento River to Cache Slough ....77 454 which time their swimming motion ceased.
12. Sacramento River above Cache In the Delta, spawning generally does not begin until

Slough 168 10.57 temperatures reach 59° or 60° F. The optimum tern-

Total for Sacramento River perature appears 4o be 64 to 68 degrees.
System ............................_. ..... 323 20.30 Salinity: Spawning occurs in. essentially fresh water.

Larval bass and eggs are found in brackish water, btit
13. Big Break 21 1.32,
14. Frank’s Tract ............................... .........................168 10.57 evidence has not yet been uncovered to show that
15. Old River system .................80 5.03 spawning actually takes place in brackish water.
16. Middle River system 41 2.58 Woodhull (1947) states that in the area which he ob-
17. San Joaquin River up to Potato served them spawning (San Joaquin River), the salin-

Slough ................................178 11.19 ity (in terms of chlorides)varied from 1 to 7 parts of
18, San Joaquin River above Potato ....
¯ ’ Slough ~ ..............................49 3.08 chlorine per 100,000 of water.
19. ’Mokelumne River ....................46 2.89 Spawning ActiVities. Several authors have de-

Total for San Joaquin River scribed the activities involved in the spawning process.
system ...............................583 36.70 Woodhull (op. cir.) observed them on the San Joaquin

River in the vicinity of Venice Island. According to
Total for Delta ..................... 906 57.00 his description innumerable groups of fish gathered at

the surface of the water for a distance of 3 miles along
the river on a flood tide. The fish began to roll over

Grand Total ............................1,590 99.99 on their sides at a 45 degree angle near the surface and
splashed about with their caudal fins. This activity

Striped Bass Life History Notes continued for several hours. During the process he
used a plankton net to collect eggs not yet water

Striped bass is a relatively long lived species and thehardened tocorroborate the fact that the :fish were
population therefore is madd up of fish of many ages,spawning. Morgan and Gerlach (1950) observed a
as compared to salmon, for instance, which gen.erallysimilar situation in the Coos River, Oregon.
have a 3 to 5 year life cycle. Stripers may live as long
as 20 years or more. Fecundity. Several investigators have estimated the

Time of Run. The adults begin to enter Carquinez
egg production of female striped bass. The number is
correlated with the size of the ~sh and in general, it

Strait from the Bay and ocean about August; the runmay be said that this species is extremely prolific. This
usually peaks in October, and tapers off rather abruptly,phase of their life history has not been specifically ex-
They spread out over the entire Delta for the winterplored for California striped bass, therefore, the data
season. Angling is excellent during October and No-presented are from observations, elsewhere. Merriman
vember throughout the Delta and as far north as the(1941) found that the number of eggs ranged from
Feather River. With decreasing water temperatures,11,000 to 1,215,000 .with the majority of fish yielding
angling drops off to a very low point in January and180,000 to 700,000 each. Jackson and Tiller (1952)
February. found the number to vary from 68,000 in a 4 year old

fish weighing 4.4 pounds to 4,536,000 in a 14 year old
Spawning Conditions. About March or April thefish weighing 35 pounds. Morgan and Gerlach (op.

fish become active again to provide a short period ofdr.) found that Coos Bay striped bass produced about
good angling. Potential spawners move up into the1 million eggs when they reached 10 pounds and that
fresh water of the sloughs and rivers of the Deltathis figure reached almost 5 million for fish weighing
system and begin to spawn in March or April. Spawn-between 30 and 50 pounds.
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Spawning Locations. In California a few stripedhag. The known range has varied from 74 hours at
bass spawn in .the larger coastal rivers, the Russian58° F. to 30 hours at 72° F. Hatching occurs in about
River particularly, and formerly the Salinas River. A48 hours at 67° F. In our waters the temperature is
few apparendy persist in Elkhorn Slough, which en-usually in the vicinity of 62 to 68 degrees and the
ters Monterey Bay, and spawn there also. The majornormal incubation period from 48 to 60 hours.
tributaries to San Francisco Bay are the prin.cipalThe larvae at hatching are about 0.1-0.2 inch
spawning grounds, however, particularly those above(3-Smm.) in length. They subsist ~on the yolk ma-
Antioch and Collinsville. terial for the first 200 hours while being carried by

Strong currents appear to be absolutely necessarycurrents. If they encounter still water, the larvae may
for the development of striped bass eggs. They havesettle to the bottom and die. Acgording to Pearson
not been found in stagnant water, .nor have the adults(1938), if food is not available by the time they reach
been observed spawning under lacustrine conditions.6mm. (about 0.25 inches), they soon begin to die. This
TI~e tidal action ha the Delta seems to be particularlyis p~rhaps the most critical stage in the life history of
favored, this species. At this small size they are almost corn-

Since 1946, a considerable amount of effort has been "pletely at the mercy of the tides and predattrs.
expended tO determine .spawning locations. Sampling
with plankton nets. for eggs has indicated the San

Posdarval Stage. A great deal of work has been
done in the Bay and Delta ha sampling the abundance

Joaquin River below Stockton and many of the sloughsand distribution of small fry. Calhoun and Woodhull
ha that portion of the Delta to be the major spawning(1948), Calhoun, Wo0dhull and Johnson (1950), Cal-
area. houn (1953), Skinner (1955), Hatton (1940), Hatton

Eggs were found in greatest abundance in an areaand Clark (1942), and Erkkila et al. (1950), have all
extending upstream from the Antioch Bridge toinvestigated the subject, chiefly because of the pres-
Venice Island and Salmon Slough. The Old River andence of millions of these small fish in the vicinity of
Middle River systems are perhaps the next most ira-large industrial and irrigation diversions and sewage
portant followed by the Sacramento River system, theand industrial waste discharges; Skinner and later
San .Joaquin River above Salmon Slough and theChadwick (unpublished data) have continued the
Mokelumne River. These can be considered the mostwork.
important year after year, but condid0ns from yearSurveys have been conducted almost annually since"
tO year may change the sequence. In wet years, for1946 to obtain of the distribution anda measure
example, spawning may occur below Pittsburg. abundance of bass fry over the Bay and Delta Area

Striped bass were formerly reported to spawn inwhere they are widely distributed. Calhoun (1953)
the Napa River. A special trip to collect .eggs therein conjunction with personnel from the U. S. Fish and
during 1957 was unsuccessful, although large, ripe fishWildlife Service divided the entire area into 67 dif-
were known to be present in the river just.previous toferent sections, sampled each to obtain the density of
the sampling period, fry per thousand cubic feet of water strained, and pro-

Embryology. The of this species are small (16jected the res~alt to the approximate volume of watereggs
to.the inch) and transparent at the time .of. expulsion,within each section. They .derived an estimate, of 35
but they enlarge to about twice this size upon watermillion fry during"mid-July of 1951 and a second
hardening. They are very similar to shad eggs, andestimate of 20 million for late July.
because both species spawn in the same places and atFry were found in greatest abundance in Honker,
the same time, the two are easily confused. StripedGrizzly and S~isun bays and in the main channels of
bass eggs, however, can usually be differentiated by athe Sacramento and San Joaquin rivers in the Delta.
relatively large oil globule which is not so apparentparticularly heavy concentrations were found in
in shad eggs. Once the eggs are spawned, they areHonker Bay and in the San Joaquin River between
left to drift freely with the currents: Because of thePittsburg and Antioch.
oil globule, they are only slightly heavier than waterThe surveys since 1951 have not been as extensive
and are kept suspended by the slightest current. Theas in that year, but they indicate that a similar dis-
eggs develop while thus suspended. On the San Joa-tributiona! pattern has ,prevailed each year since. Be-
quin side of the Delta, they are flushed back andtween 1953 and 1956 the surveys were conducted
..forth by the currents and their movement downstreamunder identical conditions to obtain continuity for
is somewhat restricted. The opposite situation existsyear-to-year comparisons of fry abundance. Five sta-
in the Sacramento River. Eggs spawned as far up astions were selected and sampled on minus tides, when
the Feather River or beyond are moved down intothe fry reached a mean length of one inch in the
the Delta rather rapidly until they reach the Rio Vistavicinity of Antioch.
area where they come under the oscillating influencett appears that reproduction was exceptionally good
of the tides, in 1953 and 1954 with progressively poorer years in

The incubation period is influenced by temperature,1955 and 1956. Unfortunately, statistical procedures
higher temperatures being conducive to faster hatch-have revealed certain discrepancies in the sampling
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methods which limit the usefulness of past surveys asinto salt water. The proportion of adults making these
indices of abundance, A new approach is being em-annual excursions is not known; however, since large

,,.,ptoyed, which,.it-,is hoped .will, yield more .useful,d~ta .........fish. are, very.~scarce., in~ the Delta,, during. ~the ,.summer,
Experimental data indicate the fry are usually Io-it may be concluded that the great maiority are in-

cared nearer the surface than the bottom, although avolved.
recent series of tests designed to determine their verd-Migrations. Clark (1934 and 1936) and Calhoun
cal distribution, showed the reverse to be true on at(1952) are responsible for most of our present knowl-
least one occasion. Chadwick (unpublished data) con-edge on striped bass migrations in California. Both
ducted tests in the summer of 1957 which showed thathave conducted tagging experiments showing the mi-
the smaller fish are found in greater numbers near’ thegratory patterns. A third study, by Chadwick, was
shoreline than in mid-channeL As they approach twounderway at the writing of this report.
inches in length, they are found more evenly dis-Clark reported the results of tagging 1,544 bass,
persed throughout the’ channel. Evidently, even frymosdy small ones (mean length 11 inches), and found
less than an inch in length have some control overthat they did not move in a well defined migration
their movements despite rapid tidal currents. His find-but more or less diffused out of the tagging area.
ings agree with observations made by the writer in
1954 and 1955 while engaged in this work. Calhoun’s work was with legal sized fish (then 12

inches and over), of which he tagged more than 4,000.~
Juveniles. By early summer young fish are scat-He found that unlike the smaller fish, the adults did

tered throughout all parts of the Delta and at leastundertake well defined seasonal migrations. Recoveries
as far downstream as San Pablo Bay. Apparently, allof tagged fish by sportsmen and gill net fishermen
fry are not carried into the Delta because they can beshowed that the adults move upstream into San Pablo
found far up the Sacramento and San Joaquin RiversBay and Carquinez Strait in the fall, then into the
in the late summer and fall. It seems rather improb-Delta in the winter, spread out and ascend the tribu-
able that they return upstream after having once gonetary rivers in the spring, and move down to the Bay
down. Juvenile fish have been seined all along theagain by early summer.
Sacramento and San Joaquin rivers and at least as farTheir movement to and in the ocean is not yet
down as Point Wilson in San Pablo Bay. understood, although a fair number appear to enter

During seining operations during the fall (October)the ocean each year. Occasionally, good catches are
of 1956 and 1957, throughout the Bay and Delta, fishmade by surf casters off San Francisco beaches. AI-
with mean lengths ranging from 2.9 to 4.0 inchesthough stripers are seldom taken off shore, the party
were taken. The overall average is probably about 3.5boat fleet made good catches of striped bass in the
inches. There does not appear to be any perceptibleocean during 1956. On the Adantie Coast extensive
difference of growth pattern in any particular part ofnorth-south ocean migrations are made, presumably
the area covered. Growth ceases, or at least is greatlyfor feeding purposes. This phenomenon has not been
diminished from October until the following March.observed to occur here.

Juvenilefish apparently remain principally in the
Delta for two to three years before moving into SanFood Habits. Scofield (1911) found that fish up to

Francisco Bay or the ocean. During this period theyfour inches, in Napa Creek, relied on marine worms

tend to be gregarious, moving about in scatteredi50 percent) crustaceans (48 percent) and small fish

schools. (2 percent). The items are listed in Table 25.

Fish up to 16 inches may be found anywhereHatton (1940), in a collection of 76 ~ish ranging

throughout most of the year, .but certain areas seemfrom one to six inches in length taken at Martinez,

to be more favorable than others. Such juveniles arefound that 69.4 percent of all stomachs contained

almost always present in San Pablo Bay in the vicinitycrustaceans. The percentage of stomachs containing

of Mare Island, the Napa River, Suisun Bay, and in aeach item found is shown in Table 26.

number of localities in the Delta.
Raney (1952) states: "During the first and second TABLE 25

years they remain in small schools or feeding groups, , FOOD OF SMALL STRIPED BASS ~-

but it has been observed that they exist in large schools
Percentage

of
by the end of the second summer." Items Total Number

The age at which they first begin their annual mi-Neomysis (Neomysis mercedis) 30
grations between fresh and salt water has not beenYoung shrimp (Crago sp.) 15
positively established on the West Coast. Most fish,Gammarus (sends)
it is thought, undertake them in the third year thoughMarine Isopods (Synidotea laticauda) 1

many unquestionably begin in the second and othersCrab 1
Marine Worms (Nerds) 45

probably wait until their fourth year or later. InherentMarine worms (Not identified
differences between fishes, and sexual differences, areSmall fish (Not identified) 2
likely factors influencing the age at which they move1 ~te~ Scot,an
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TA"L~ 26 27T~BL~

FOOD OF SMALL STRIPED BASS z FOOD OF ADULT STRIPED BASS
PercentagePercentage of

Stomachs of
[terra Containing Item Stomachs

Containing
Isopods ($ynidotez laticauda) 32.0 Item Item
Amphipods (Corophium spinicorne) 40.0 Striped Bass 2.67
Shrimps (Crago sp.) f3 C1npeoids1 4.01
Crab [remains] 1.3 Osmerids = 4.90

Total for Crustaceans 69.4 Split-tails 337
Fish[remains] 10.6 Lamphreys 0.89
Empty 25.3 Atherinids = 0.40
xA~ter Hatton (1940). Catfish or sculpins 1.34

Unidentifiable fish remains 18.74

Hatton points out that the items were found duringShrimp 11.20
September and November while ,thewater at MartinezCrab 1.78

was brackish. Plant Material (rules) 2.23
¯ Unrecognizable material 3.57

Under freshwater conditions in this area, duringEmpty 56£0
the spring, the amphipods and isopods disappear, andz Herring and shad.
the small fish were found to be feeding almost exclu-, Theseare commonlycalled smeltor whitebait.
sively on a species of Mysidacea (Neomysis met-
cedis). Johnson and Calhoun (1952) examined 387 stom-

The writer has on several occasions while checkingachs of adult bass collected during a period of a year.
the stomachs of young-of-the-year bass (2 to 4All fish were over 12 inches in length. One group of
inches) from the San Joaquin River and Suisun Bay229 collected between San Rafael and Martinezwas
during the summer also found that mysid shrimpduring the summer and fall,, while the other lot of
(Neomysis mercedis) was by far the major item inthe158 was taken from the Delta portion of the San Joa-
diet. Some of the stomachs examined were simplyquin River between Antioch and the mouth of Middle
packed with them. Each spring and summer the RiverRiver between November 1947 and June 1948.
and Delta abound with these small crustaceans. Shrimp (Crago sp.) were the most numerous item

Messrs. Fisk and McCammon of the Department,and comprised the largest volume of all organisms
who have studied the food habits of the white catfishfound in the It occurred in 35summergroup. per-
in the Delta, observed that amphipods (Corophiumcent of all stomachs examined and formed 53 percent
spinicorne) were the most important organism uti-of the volume of all foods. Anchovies, the next most
lized by catfish. Hatton’s work seems to confirm theimportant item, occurred in 11 percent of the store-
importance of it in the diet of small bass. Unfortu-achs and comprised 39 percent of the food volume
nately, data are meager on feeding habits of smallIsopods, crabs, mysid shrimp, and Other fish were
bass from the time they begin to feed until they arealso found but none occurred more than six times
through the first year. or formed more than 2 percent of the total volume.

On the East Coast, freshwater shrimp (Gammarus),Of this group of fish 28 percent of the stomachs exam-
and Dipterid (cbironomid) larvae were found to beined were empty.
major food items. Their winter sample, the one from the Delta, con-

Striped bass become piscivorous at least by thetained 66 individual fish (42 percent of the sample)
time they reach 6 inches and perhaps earlier. Theirwith empty stomachs. Neomysid shrimp occurred in
diet from this size on is extremely varied, and ap-more stomachs than any other item and foxmed, sur-
pears to depend upon the forage available. The largerprisingly enough for large fish, 20 percent of the total
fish appear to have a proportionately larger percent-volume. Small fish, however, were the most frequent
age of fish in the diet but even the largest specimensitem and. accounted for the greatest volume (64 pei-
were found to contain crustaceans, cent). Bay shrimp (Crago sp.) accounted for 13 per-

Bay shrimp (Crago sp.) appears to be one of thecent of the volume.
most common items, along with Neomysis mercedisShapovalov (1936) examined the stomachs of 47
and the small forage fishes found in the Bay, such asstriped bass taken from the mouth of Waddell Creek,
smelt, herring and anchovy. Hatton (op cit) exam-Santa Cruz County. He found a large variety of items,
ined 224 stomachs of adult bass taken near Pittsburgwith crustaceans predominating in the small bass, and
between March 13 and May 4, 1939 and found 56.6other fish being the principal food of the larger bass.
percent to be empty (during the spawning season).Bass are obviously omnivorous feeders; quoting Sco-
His findings are summarized in Table 27. field (1931): "Practically every marine form common
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to the San Francisco Bay region has been found inOn the Atlantic Coast there still exists a hatchery
their stomachs. Their food includes fishes, such asat Wddon, North Carolina for this purpose.
small Pacific herring, ¯ smelt, anchovies, split-tails,Striped bass are extremely prolific and attempts to
striped bass, shad, gobies, carp and perch; crustaceanspropagate them artificially are unwarranted. So many
and mollusks-crabs, shrimps, periwinkles, clams; andfry are produced through natural propagation that
various other~ forms such as worms, copepods andalmost any contribution from artificial sources would
vdlella." be superfluous. Once established in an area any decline

From the available data, it may be concluded thatin the population is most likely the result of environ-
the very young fish at first depend on the micro-mental factors rather than insufficient natural propaga-
crustacea, diatoms and other minute invertebrates,tion.
From one to four inches they depend heavily on largerSot~rces of Mortality. This phase of the life his-
crustaceans, Neomysis ~nercedis, Crago sp., aquatic iso-tory of striped bass requires more investigation. Infor-
pods, amphipods, and marine worms. During succeed-marion simply is not available concerning the ages ar
ing years their diet becomes largely piscivorous, al-which various types of mortality occur. Several earlier
though crustaceans continue to be important, attempts to obtain data on angler harvest were at-

Growth. The growth rate and relationship be’tempted, but these met with difficulties.

tween age, length and weight was first worked outAn unknown proportion of the eggs deposited by
by (1931) for California striped bass. Robin-the female are not fertilized. Losses occur while the
son (1960) recently completed another study of theeggs and larvae develop in their hazardous position of
subject to determine .if any appreciable change haddrifting in the river or tidal currents. Predation, sud-
occurred over the intervening 30 years. Both studiesden changes in temperature, pollution, and a number
show a rapid gain in length for the first 4 years of lifeof other factol~ must also take a tremendous toll of
after which the rate becomes progressively less. Robin-eggs and larvae. As the yolk material is used up the
son, however, found that growth both in length andlarval fish must begin to fend for themselves, and it is
weight was more rapid than shown by Scofield, theat this stage that perhaps the greatest losses occur.
difference being about 10 percent greater length andThose which survive are continually subjected to
25 .percent greater weight .by the end of the 7th orpredation, ’ diversions, and pollution, ~ each of wMch
~th years of life. DifficUlty in aging specimens aftercould account.for significant losses. Predation is every-
their 7th year of life precluded accurate interpreta-Where apparent, but losses to pollution and water di-
tions beyond this age without a great deal of carefulversions occur at specific locations.
study. Stripers reach a length of about 32 inches andLosses at diversions are similar to those previously
a weight of 14 pounds by their 9th year of life. Thedescribed for king .salmon and need not be repeated
maximum length attained in California may exceed 50here, except to say that the magnitude of striped bass
inches while the maximum weight may exceed 60losses at diversions far exceeds those of any Other
pounds (a 63 pound striped bass has been recorded),speei~ in the Bay and Delta area. Some idea of the
Fish attaining the above dimensions are most likely 20numbers involved can be obtained from recent tests at
yearg of age or over. Stripers gain weight ata rela-tWo major water .diversions in.theDelta.
tively constant rate after their fifth year of life; theTheContra Costa Steam Plant of the Pacific Gas and
gain may be in excess of 2 pounds per year. Electric Company located near Antioch requires 868

Age to Maturity. Scofield (op. dr.) made a care-cubic feet of water per second for cooling purposes at
ful study of maturing bass and came to the conclusionpeak capacity. Screening small tish from this amount
that 35 percent of the females mature by their fourthof water presented a formidable problem but one

87 percent by the fifth year, 98 percent spawnwhich was eventually overcome by research and co-year,
in their sixth year and 100 percent thereafter. Malesoperation between the Pacific Gas and Electric Corn-
mature earlier, many spawning while only 2 years oldpany and the Department of Fish and Game. This
and most by the time they are three. Morgan and Ger-.plant alone, it was estimated, could conceivably affect
lach (I950) reported mature male fish at one year10 percent of the annual striped bass fry population
of age. Males may be scarcely more than !0 incheswhich, it will be recalled, was estimated at 35 million
in length by the time they mature. FemaEs, on thefish in 1951. Fortunately, salvage operations have
other hand, are generally more than 18 inches long.greatly reduced the numbers of small fish destroyed

at the installation.
Artificial Propagation. In California, between 1907Similarly, but on a more gigantic scale, the Tracy

and 1910, a brief attempt was made to propagate thisPumping Plant of the Central Valley Project draws
species artificially. A small hatchery was built onwater from Old River and pumps it into the Delta-
Bouldin Island and operations were carried on for sev-Mendota Canal for irrigation purposes in the San
eral seasons but the difficulties encountered, pardon-Joaquin Valley. A very conservative estimate of fry
Iarly the inability to collect ripe spawn, resulted inunder the influence of this large diversion (designed to
the abandonment of operations, draw 4,600 cfs at peak periods) would be 10 to 15

,!
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percent of the population each year. Research by thedestroyed in netting operations during the fall of 1955
Bureau of Reclamation and the Fish and Wildlifeand the spring of 1956. The total poundage destroyed
Service in cooperation with the Department, resultedeach year by this method could easily have amounted
in a revolutionary new type of salvage facility termedto 500,000 pounds. By law, fish taken by the netters
the "louver facility". Up to 98 percent of fish onehad to be. returned to the water upon removal from
inch or more in length have been successfully deflectedthe nets whether dead or alive. Legislation in 1957 pro-
from the diversion by it. From March through August, hibited all gill and trammel netting within the Golden
of 1957, the completed structure bypassed over 1,750,-Gate, thus eliminating such losses in the future.
000 striped bass, 217,800 salmon and steelhead, 1,187,-. Prior to 1935 striped bass wer~ taken commercially.
000 Eatfish, and 261,800 miscellaneous fish. The amount taken each year is described in an earlier

Pollution affects fish in several ways: the most ob-section of this report.
vious, of course, is the direct lethal action of toxicThe next and probably the greatest single source of
substances which results in mass kills but which ismortality among legal size fish is incurred from ang-
seldom detected. Small fish under the influence ofling. Tagging studies aimed at measuring the exploi-
tidal currents are carried in the vicinity of toxic dis-tadon from this source have not been wholly success-
charges ;which they might otherwise avoid..Even theful. Clark’s tagging study (1934.and 1936) was not
adults are sometimes caught in particularly toxic dis-intended for this purpose primarily and certain deft-
charges as in the case of the Stauffer Chemical C0m-ciencies in it do not permit application of the results
puny fish kill in San Francisco Bay in May of I957 andto the fishery in general. He recovered about 10 per-
the Napa River die-off of several years ago. cent of the fish he tagged within one year of the date

Usually, howe~rer, polluting substances destroy theof release.
bottom fauna or food organisms upon which fish de-A very intensive tagging program conducted by
pend, or set up a barrier in the form of odors, acidity,Alex Calhoun of the Department of Fish and Game
temperature or some other condition which is detectedwas specifically designed to measure the proportion of
by the fish and which they avoid. The latter two arethe population caught by anglers. It soon became up-not sources of mortality but they restrict the habitat
and result in loss to:the fishery, parent, however, that the commercial gill net fishery

::predation. undoubtedly causes large losses amongin the Delta and Suisun Bay region.was seriously in-

Striped bass trader.12 inches in length. After this, how-terfering with the study. The gill netters removed the

ever, theythemselves ~e predators and are pretty welltagged fish before the anglers had the opportunity to
removed from the forage class, catch them and furthermore, the placement of tags on

Old age, diseases, and parasites also take their tollthe fish was found to increase the chances of a fish

of fish. Little work .has been done concerning thebeing captured by the gill nets. Other adverse factors

former two. The author has observed striped bass corn-included the reluctance of sport and commercial fish-
pletely riddled with the larval form. of a cestode of theermen to return tags from captured fish. Because of
order Trypanorbynca, It is thought to be of the these conditions only the roughest sort of estimategenus
Gymnorbyncbus. Striped bass are the.~ intermediatewas possible regarding the proportion taken by ang-
host of this parasite which has as its definitive host cer-lets. The writer made a brief study.of tag returns from
tam sharks, skates and rays. Another common parasitethe above program and concluded that the proportion
observed was the nematode Contracaecum, of unde-exploited by both sources, anglers and gill nets, was
termined species, in excess of 25 percent of the legal population annu-

Scofield (1929) reported injuries to striped bassally. Chadwick, (unpublished data) in a later review
from lampreys, presumably the Pacific lamprey (En-estimated a minimal annual rate of exploitation of 10
tosphenus tridentatus). The author has observed apercent. Anglers, of course, were presumed to catch
large number of striped bass with lamprey scars, andthe greater share by quite a large margin.
in a few instances with fairly fresh wounds. The
effects of predation by lampreys cannot be assessed atChadwick (unpublished data) initiated another tag-
this time without considerable conjecture; nevertheless,ging program in the spring of 1958 after removal of
it is. thought that lampreys are .not a particularly ira-the gill net fishery. Preliminary analysis of the first
portant source of mortality, three years of tag returns indicate angling mortality

Commercial exploitation was prohibited by law in.on the order of 20 to 30 percent annually on the popu-
1935 largely eliminating this source of mortality,lation over 16 inches in length.
However, studies by the writer (Skinner, 1957) fromIn spite of all the factors acting against it, the
1954 to 1957 showed that a considerable number ofnatural survival of this species is obviously high. The
striped bass were destroyed incidental to commercialfrequency with which individuals in excess of 30 or 40
shad and salmon netting operations. At a minimal esd-pounds (over 15 years of age) are encountered lead
mate, 22,000 fish weighing about 250,000 pounds wereto the conclusion that natural mortality is low.
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STURGEON Sport Fishery

Two species of sturgeon are common in San Fran- Sturgeon made an encouraging recovery under their
eisco Bay; the white (Acipenser transmontanus) and35 years of complete protection, and Department re-
the green (Aoipenser medirostris). Little has been re-search personnel working on the Bay fisheries in 1953
corded about the early history of the green sturgeonadvocated the opening of a year-round angling sea-
except that it was considered definitely inferior to theson for them. The Fish and Game Commission subse-
white and was actually claimed by some to be poison-quently adopted an operr season in April, 1954. At the
ous. Most early accounts refer to white sturgeon;outset a considerable amount of effort was expended
which incidentally, also was considered a nuisance byfor sturgeon, judging from party boat records, the
commercial fishermen who destroyed them at everynumerous inquiries received by the Department of
opportunity because they inflicted heavy damage toFish and Game, and the extensive newspaper coverage
their nets. Until 1870 or thereabouts only the Chinese,in 1954 and 1955.
who extricated the gdatinou.s notochord from theAngling is centered in San Pablo Bay, which sup-
backbone, found them of value. Up to that time whiteports the largest sturgeon population in the State.
sturgeon were abundant. During the first year of the open season many were

The westward movement brought Easterners withtaken by the party boat fleet and oecaslonal catches
appetites for sturgeon and caviar to the Pacific Coast.were made by individual anglers. It.was charged that
About the same time sturgeon were becoming scarceparty boat anglers were "snagging" most of the stur-
on the Atlantic seaboard. These factors served to bringgeon they took, and as a result this method was de-
about a complete reversal in demand for the speciesdared illegal.
and by 1901 when the legislature temporarily abolishedAnglers have not yet found a successful method of
the fishery, white sturgeon were claimed to be on thetaking sturgeon by hook and line other than snagging.
verge of extinction. It is hoped that eventually a specific bait or method

will be developed. Today most catches are made inci-
dental to striped bass angling.

Commercial Fishery In order to keep watch on the fishery, the Depart-
Relatively .speaking, the commercial sturgeon fisheryment initiated a tagging program to measure the catch

was short-lived. Fishing was principally by "Chinese"(Pycha 1956). In this study 994 white sturgeon and
trawl lines, long lines suspended several feet above25 green sturgeon were tagged in San Pablo Bay be-
the bottom from which large barbless hooks weretween August and December 1954. Some idea of the
"dropped". Gill and trammel nets were also successfulnumbers taken, by sportsmen can be obtained from

gear for capturing them; but such catches, more oftenTable 28 which contains data on recaptured tagged

than not, were made incidental to fishing for otherfish. Anglers returned tags from two percent of 888
legal-size tagged white sturgeon (over 40 inches)species, within the first year after tagging. The combined

The earliest records concerning the catch date fromcatch of anglers and commercial gill net fishermen
about 1875. Catch data are almost exclusively from the(who caught the sturgeon incidental to other fish)
annual reports of the U. S. Commissioner of Fisheries.was 5.3 pei&nt; however, since sturgeon could not
Unfortunately, the statistics for one year often con-be possessed legally by commercial fishermen, it is not
tradieted those of preceding years, making a definitivepossible to assess the significance of the commercial
.determination virtually impossible. Nevertheless, sta-returns. As Table 29 indicates, the sturgeon catch
tistics for those years for which catch data are avail-from party boats dropped rapidly after adoption of
able are given in Appendix B-4. Where contradictorythe anti-snagging regulation.

data were encountered, the latest was used on theChadwick (1959), estimates that the actual harvest
assumption that such data were based on more corn-by anglers in the first year after tagging was two to
plete and detailed reports, ten percent.

Jordan (1887) reported a catch of 1,658,000 pounds
for the year 1885, the largest catch on record. TheSturgeon Life History Notes
annual catch from 1875-1892 apparently averaged just
under 500,000 pounds, while those between 1892 andSturgeon are the largest of all freshwater fishes. The

1901 were on the order of 100,000 to 200,000 pounds,white sturgeon, common to the Sacramento and Co-

The fishery was abolished between 1901 and 1910,lumbia River drainages of the Pacific Coast, are the

reopened for two years and then closed until 1916.largest in North America and are exceeded in size only
In 1917 the fishery was again abolished by the legisla-by those of the genus Huso of Eurasia.

ture and the taking or possession of sturgeon was com-The weight of an individual white sturgeon taken
pletely prohibited until I954. from the Columbia River, Oregon, was reported to
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I be in excess of 1800 pounds. Here in California speci-feeding. Herring and anchovies enter the Bay in the
mens of three hundred pounds and over were commonfall and sturgeon might be feeding on schools of these
before 1900, but when they came under severe ex-fish at the surface.

I ploitation the average size decreased rapidly. UnderWhite sturgeon to make a general migrationappear
periodic protection from 1900 to 1917 and then eom-out of the Bay into the upstream waters in the spring
plete protection until 1954 they made a surprisingbut data are hcking tO support this point. Spawning is

i recovery. In August of 1955 a 462 pound female wassaid to occur in May and June, although this has not¯
found enmeshed in a Department salmon trap in thebeen demonstrated in California. Bajkov (1954) and
Sacramento River near Fremont Weir, and one weigh-Dr. Vadim Vladykov (personal communication) of
ing 277 pounds was taken by an angler in Suisun Bay.Canada believe that spawning occurs on rocky bottom

I in deep holes supplied with swift currents. This agrees
TABLE 28 with reports on the spawning of rock sturgeon (Aoi-

RECAPTURES OF TAGGED STURGEON penser ~ulvescens), in Southern Michigan streams.
Adult sturgeon are known to have occurred in the Pit

B~, River in the Sacramento and were observedBy Commercial system at

Anglers Fishermen Totals the face of Mendota Dam on the San Joaquin River .in
0-365 days at large .....................19 33 52 1947.

366-730 days at large ........................6 2 8 White sturgeon are extremely prolific. The number
Over 730 days at large ......................2 0 2 of eggs is correlated with size. Individual females may

Totals ...................................27 35 62 contain as many as 5 million eggs. The 462 pound
female taken in the Sacramento River in August 1955
was estimated by the author to contain 4,700,000 ripe

TABLE 29 eggs. Bajkov (1949) states that a closely related species
STURGEON REPORTED CAUGHT BY PARTY BOATS in Russia contained 665,000 at 25 years, 1,978,000 at

1954.1957 40 years, and 4,100,000 at 50 years. The eggs are ad-
April I, 1954-March 31, 1955 (40 inch size limit) ~_ 191hesive and attach to the substrate in the area where
April 1, 1955-March 3I, 1956 (40 inch size limit) .....70 spawning occurs.
April 1, 1956-March 31, 1957 (50 inch size ]irnit) ....12
April I, 1957-October 1, 1957 (50 inch size limit) __~ 2 Nothing is known of the embryology of white stur-

J ~ geon to this writer’s knowledge. The Russians, how-
Total 27~ ever, have done extensive work in this field, and have

published on the embryology of several closely related
Green sturgeon rarely exceed 350 pounds and in thespecies.

Bay Area the average weight is probably less than 100The adults do not die after spawning and research
pounds, has thus far failed to reveal whether individuals spawn

White sturgeon are an anadromous species, ascend-annually or at longer intervals. The latter seems most
ing the larger rivers north of Monterey to in probable. Three distinct phases of ova formation werespawn
freshwater. Green sturgeon on the other hand ap-observed by the writer in the 462 pound female noted
parendy prefer salt or brackish water. The writer,above. Ripe, loose, black eggs constituted the bulk. In

I while engaged in a study of sturgeon and striped bassaddition, cream colored eggs somewhat less than half
observed numerous white sturgeon above the con-the size of the ripe ones in an intermediate stage of de-
fluence of the Sacramento and San Joaquin Rivers.velopment were still firmly attached to the ovarian
They are especially plentiful above that point in thetissue. These eggs appeared to be a year or so from
winter, maturity. The third size appeared as minute follicles

During an investigation of the gill net fishery (1954-imbedded in the walls of the ovaries.

57), many green sturgeon were caught in the nets inThe youngest individuals taken in the Sacramento-
"~ Suisun Bay and Carquinez Strait. The general upstreamSan Joaquin system have been recovered at the Tracy

limit of this species was observed to be at about thePumping Valley Project atPlantof the Central and
Middle Grounds in Suisun Bay. However, two greenthe Pacific Gas and Electric Company’s Contra Costa
sturgeon were taken by depa~xrnental personnel at Col-Steam Plant. Individuals as small as 5 and 6 inches have

*l linsv!lle, some 15 miles above the Middle Grounds.occurred at these installations. They are thought to be
Both species appear to be most abundant in San Pablodownstream migrants which-were spawned farther up
Bay during the fall. in the river systems.

Concentrations of white sturgeon can easily beFish between 18 and 30 inches are common in the
located by observing the fish jump out of the water.Delta and Bay Area. Those under 18 inches are per-
They rise out in a forward leap and come down in ahaps most numerous in the Delta. No information is
resounding splash. No explanation has been given foravailable to indicate the age at which they first move
this peculiar behavior but it be associated with into the ocean.may
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Pycha (1956), estimated the adult population (over AMERICAN SHAD
40 inches) in the Bay to number about 11,000 fish. In The American shad (Alosa sapidissima) appears to
the gill net investigation mentioned previously an esti-have been the first exotic species introduced into this
mated 17,900 sturgeons, chiefly under 36 inches, wereState. They were first stocked in the Sacramento River
caught by commercial fishermen in Carquinez Straitnear Tehama, California on June 27, 1871 by Mr. Seth
and sttisun. Bay between September 1955. and .JuneGreen, famous fish culturist of the U. S. Fish Commis-
1956. sion. There were about 10,000 fry in the first stocking.

White sturgeon liv~ for many years. The oldest en-Livingston Stone in 1873 .brought out another 35,000
countered in the present investigation was the 462-and between 1876 and 1881 several subsequent plants
pound female trapped near Fremont Weir; its age wastotaling 784,000 fry were made by the U. S. Fish
determined at 45 to 47 years by examination of theCommission (Table 30).
annuli in a pectoral fin ray. Since this species is known
to attain a much larger size, the age attained also must TABLE 30
be proportionately greater. Individuals aged 100 yearsAMERICAN SHAD INTRODUCTIONS INTO CALIFORNIA
or more probably existed b~fore development of theYear Number Source LoeatlonStocked
fishery.. Canadian authorities .have placed the age of a18711 10,000 Albany, N.Y. SaeramentoR.,Tehama, Teh.Co.
sturgeon from Ontario (a different species) at 1521’873= 35,000 _ SaeramentoR.,Tehama, Teh.Co.
years. 1876 99,000 _ Sacramento R., Tehama, Teh. Co.

1877 110,000 ._ Sacramento R., Tehama, Teh. Co.
The age at which white sturgeon attain sexual ma-1878 11~,000 __ SaeramentoR.,Tehama, Teh.Co.

turity is .not definitely known, but it is tentatively1880 240,000 __ SaeraraentoR.,Tehama, Teh.Co.
believed to be between 15 and 20 years for females. At1881 220,000 __ Sacramento R.,Tehama, Teh.Co.
that time they are about 40 to 60 inches in length.
Males mature somewhat earlier. Total 834,000

t][ntroduced by Seth Gzeen on June ,27~ 1871. Out o£ 15~000 at start o£
Sturgeon are bottom feeders primarily. Their moutht~p, an ¢stlmated I0,000 su_wlved.

is ventrally located and the fish moves along the bet-, ~=oa,=a by ra~gsto~ sto~ o~ ]~ar ~, lS7~.

tamSuckingup mud and debris, sifting OUt the.organ-
isms upon which it feeds. They are therefore largelyAfter the original introduction, shad appeared at
dependent Upon the bottom fauna. Known items,in thevarious points along the coast from San Diego to
diet (observed by the writer) include small shoreAlaska. The only stable populations in California,
crabs, immature market crabs, clams, bay shrimp, andhowever, have been those in the Salinas and Russian
ueomysid shrimp. Sturgeon over 20 inches definitelyRivers and, of course, the Bay and Delta. In Oregon
eat other fish. Several specimens caught in the. Sacra-they have been taken in substantial numbers in the
memo River were .~gorged with smelt (SpriniolmsUmpqua and Coos rivers. Records have been main-
thaleicthys) and (Hypomesus olidus). A 19 inch carprained for the Umpqua River fishery since 1923 and
was removed from the stomach of one large’ adult,show the catch to average about 400,000 pounds an-
Concentrations of .anchovies and herring during thenually.fall and winter, in the.Bay~ are thought, to Pr0vide ex-
cellent forage, but this has not yet been proven.

¯ .From the 1954 tagging study some useful data are
Commercial Fishery

available concerning their migrations. Most of theNidever (1916) .reported that shad first appeared in
tagged fish caught by anglers were taken in San Pablonumbers in the San Francisco markets in 1879. In 1886
Bay, the tagging site. A small number of returns camethe State Board of Fish Commissioners estimated a
from fish caught during the winter and spring up-million mature fish were taken. Shortly after their
stream from the tagging site. However, rather thanintroduction curious customers paid $10.00 to $15.00
indicating a definite movement in that direction, thoseper fish and many brought $1.00 to $1.50 per pound.
returns are thought to be a reflection of angling effort.By 1880 the price was down to 20 to 25 cents and

One tagged white sturgeon was recaptured at thestill later (1888) only 5 cents per pound was obtain-

mouth of the Columbia River on August 26, 1955.able during the height of the run. In 1894 the price

This migration represents a minimum distance of 600declined to 2 cents per pound. This condition pre-
~miles in 294 days. Three tagged green sturgeon havevailed until at least i916..Even atthis price.many. . fish
also been taken off the Oregon Coast, two at thecould not be disposed of.

mouth of the Columbia River; one on December 4,Between 1870 and 1915 data are limited, but appar-
I955 and the other on August 20, 1958. The third wasently the catch rarely exceeded a million pounds be-
caught in Winchester Bay on September 1, 1957. Thesefore 1900 (Appendix B-4). After 1900 the catch regu-
returns strongly suggest an interchange of both specieslarly ran over a million pounds. The all-time record
between the Columbia and Sacramento River systems,catch of 5,675,509 pounds was made in 1917. Landings
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I fluctuated between one and two million pounds (Ap-Shad Life History Notes
pendix B-2) from 1918 to 1945 after which a millionThere has not been a specific life history investiga-
pounds was exceeded but once. don of this species in California, but a number of

i The catch figures are not a strict measure of theworkers have observed different facets and from these
abundance of shad, however. This species, simply doesa general picture can be constructed. East Coast
not have the reputation on this coast that is so appar-workers (Mansuetti and Kolb, 1953) have written an
ent along the Atlantic. Its delicacy makes shippingextensive volume coveting the shad of both coasts.

I difficult, thus further reducing its marketability. The life histories are similar and some of the ensuing
Shad have an excellent flayor, are good fresh ordetails, although taken from their report, apply to the

tanned, and extremel7 good smoked. Unfortunately,shad on this toast as .well.
] there is an absence of skilled boners in this area andTime of Run. Shad begin to enter the-Bay asthe market has suffered.as a result, early as February, but the run does not assume major

The eggs, or roe, of the female are the most valuedproportions until late March or early April Males
part of these ~h in California. In recent years females

I brought 6 to 8 cents pound while male or "buck"
predominate during the early phase of the run and

per females the latter. Smaller unripe females also seem
shad rarely exceeded 1 tent per pound, to .precede .the larger ripe females. A steady increase
, Almost 100 percent of the state’s earth was madein the degree .of ripenessis noted in both males and
in the Bay Area, until the fishery was eliminated underfemales as the season progresses.
1957 legislation. Fish making up the spawning runs.vary from three

to. five years of age with occasional fish either younger
or older. The bulk is probably composed of three

I Shad Sport Fishery year old males and four year old females.
In spite of the fact that shad have been exceedingly      They ascend most of the rivers of the Sacramento-

i abundant in the Sacramento and its tributaries, thereSan Joaquin system until .limited by impassable bar-

I had never been much ~of a sport fishery for them untiltiers..They do not use fish ladders to any appreciable
1950, Since then, the fishery has. grown immensely,extent. Talbot (1953) believes that shad tan be:sue-
Derbies are now annual.occasions on the Sacramento,cessfully passed at locks and other types .of ladders
American and Feather rivers..When shad. are present,and :fishways.. Collins (1951) described the successful
usually from March through July, sportsmen descendpassage of shad over a dam at Lawrence, Massachu-
on these streams in great numbers., Shad take fliessetts. Both agree that under proper hydraulic condi-
avidly and have proved to be one of our gamest fresh-tions shad can be successfully passed.

i
.    water fishes. They put up a spectacular fight on lightSampling has reve.aled that the greatest proportion

tackle. The fishery can be expected to expand greatlyof .shad ascend the Sacramento rather than the San
in the future.                                     Joaquin River.

Another popular method of taking shad is the so-      Spawning Conditions. Spawning occurs above

I called "bump net" fishery in which long handled dipfide-water, generally in streams with good.a current.
nets of chicken wire mesh are used..The net is heldAlth0ugh:they are ~:ep0rted to spawn at the mouths
in thewater from a slow moving boat and when theof creeks,, the writer believes most spawning (at least
characteristic bump is felt, the net is quickly raisedin the Sacramento River system) occurs in the main
to catch the fish. This method of fishing is conductedchannels and not necessarily near the confluence of the
in the Delta at night during April, May and June. Thetributaries.
Mokelumne and Sacramento rivers are particularlySpawning may take plate at temperatures as low as

I popular spots. One livery operator in the Delta spe-50° F., but the general range is between 55° and 75°
cializing in this type of accommodation estimated thatF. The optimum range is probably 62°-68
2,500 anglers operating out of his establishment caughtThe eggs are fertilized by the male as the female

i 30,000 shad by this method in 1954. expels them, and are left to drift in the currents. No
Thus far no work has been specifically directed atnest is built nor parental care exercised. Shad eggs

determining the proportions of the fishery or thehave been recovered at at! depths in the river where
amotmt of time and money sportsmen spend in pursuitthey are held aloft by the currents and gradually

-I~1 of Shad, but even in its present state of developmentdrift downstream.
the economic value of the sport fishery probably ex-Many shad die after spawning, dead fish being com-
ceeded that of the commercial fishery, man in the Sacramento River at the height of the

Shad are not caught in bay waters by sportsmenspawning period. The cause is presumed to be theI because no suitable methods have as been devel-result of the rigors of spawning and the long migra-yet
aped. They are, however, taken in the Russian River,tion preceding it. It is possible, however, that the
where the sport fishery is well developed, and in aconditions which prevail in the river at that time are
few of the other larger coastal streams, at least partially responsible.

i
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Lehman (1953) studied the fecundity of this speciesline as they move downstream and hence would be
and found that egg production is correlated with age,vulnerable to diversions and polluted areas along the
length and weight. He found that production of Hud-river banks.
son River shad varied from 116,000 to 4,680,000 eggs’ The Tracy Pumping Plant and the Pacific Gas and
per fish. This is much greater than has been previouslyElectric Company’s Contra Costa Steam Plant have
reported by other investigators, been particularly troublesome diversions in the past.

Embryology. The incubation rate has been estab-Shad are an extremely delicate fish and the slightest
lished for this species under experimental conditionsphysical injury usually results in death. The effects
and found to vary from 6 days at 57° F. to 3 daysof various pollutants on shad are not known, but it
at 74° F. Under natural conditions in California rivers,may be inferred that this species is more susceptible
hatching probably occurs in 4 to 6 days. to toxic or deleterious substances than many other

Stream Life. The young fish gradually move
species.

downstream after hatching, but may remain in cer-
tain freshwater localities for extended periods of time.
They are abundant in the lower Sacramento and SanMISCELLANEOUS ANADROMOUS FISHES

Joaquin Rivers (near Rio Vista and Antioch, respec-In addition to the anadromous species already dis-
tively) during the late summer and fall, and are preva-cussed there are a few others which either pass
lent throughout the entire Delta as late as the monththrough the Bay Area to spawn in the freshwater
of October. Most of the young fish move into brack-tributaries or spend most of their life in the Bay except
ish water the fall and winter following hatching, butto spawn in freshwater.
a few appear to remain until the following year. The Pacific lamprey (Entospbenus tridentatus) can

Bi-weekly seine samples taken over a period of abe observed each spring, mostly during the period
year near Antioch on the San Joaquin River indicateApril to June, as they attempt to pass over the dams
the young reach an average length of about 3 to 4of Central Valley streams. They spawn in the smaller
inches by October. Seine samples throughout thetributaries of the rivers they ascend. Like salmon, the
Delta in two consecutive years (1956 and 1957) indi,adults die after spawning.
care some variation in the average length .of fish at
different locations but most were between the valuesJust what role this parasite plays in the overall pie-

given. Mansuetti and Kolb state that they may attainture of our fishery resources has not been determined.

a length of 6 or 7 inches in 7 months under favorable
It is not caught commercially and is generally dis-

conditions on the East Coast. dained by all who come in contact.with it. Lampreys

Their food habits on our coast have not been studiedare eaten by several species of fish, but so far as is

in detail although several shad examined at the Call-known they are not an important forage species. It

fornia State Fisheries Laboratory contained anchoviesmight be mentioned here, however, that lampreys are

and euphansiids. The diet is probably similar to thatusedthe ColumbiaaS bait River.in the commercial sturgeon fishery on
of Atlantic Coast shad in consisting principally of
small shrimp, eopepods and aquatic worms. InsectsThese parasites attach themselves to the host fish
may be important to the juvenile fish in freshwater,by means of their mouth, which is so modified as

Ocean Life. Virtually nothing is known about shadto form a very effective suction disk. Once attached

once they reach San Pablo Bay. A few fish have been
they rasp through the skin and flesh of the victim

taken incidentally by commercial fishermen near Mon-
and suck out the body fluids.

terey, but they do not appear regularly in any typeLampreys are used as food to some extent, par-
of gear or at any location. Well defined n0rth-southtieularly by the Indians of several coastal streams.
ocean migrations occur on the Atlantic Coast but suchFreshwater smelt (Hypomesus olidus) and Sacra-
has not been observed here. mento smelt (Spirinchus tbaleiohthys) are common in

By the time they return to spawn, the males aver-the Delta from late winter to early summer. They
age three pounds and the females almost four pounds,spawn in many of the same areas as striped bass and
Six to eight pound fish are quite rare. shad but do not ascend the rivers much above tide-

Sources of Mortality. Young fish are subjected towater. Their most important contribution is as forage

the same hazards as downstream migrant salmon andfor food and game fishes, particularly striped bass.

steelhead in the Sacramento system. These hazards in-They seldom exceed 5 inches in length and are ex-

clude diversions, predators, irrigation pumps and pol-tremely delicate. They travel in large schools which

lution. The larvae particularly, may suffer exceptionalare followed and preyed upon by larger carnivorous

mortality since they are pelagic and vulnerable to thefish.

many plankton feeding fishes in these river systems.Other anadromous fish which are .rare or occasion-
Shad are most abundant in the Bay Area during lateally stray into the Bay are the pink, chum and red

fall and winter. The young probably prefer the shore-salmon.
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COMMENTS ON THE FUTURE OF THE on the anadromous fisheries resources of the Sacra-
ANADROMOUS FISHES memo-San Joaquin River systems.

At the present time the only one under serious con-
The continued maintenance of our anadromous fishsideration is the modified Biemond Plan which, in-

resources is one of the gravest problems facing.fisherycidentally, is also the most favorable from a fisheries
managers. Dams and other barriers reduce streampoint of view. Fisheries perffonnel under contract to
flows, destroy and block spawning grounds and pre-the Department of Water Resources are now evaluat-
vent the upstream passage of fish. They may alsoing the effect of this plan on the fisheries resources. In-
hinder the downstream migrants even where successfulformation already has been published for other salt
methods have been employed to pass the adults up-water barrier plans including.that of the Junction Point
stream over the dam. Industrial and agricultural diver-Barrier, which it is believed would affect the resources
sions are responsible for the loss of enormous numberson about the same order of magnitude as the Biemond
of the small downstream migrants. Poor logging andPlan. Fisk (1957) has estimated the effects of the Bie-
mining practices destroy spawning areas or form bar-mond Salinity Control Barrier Plan on fish life. (Table
tiers to the ascent of fish. In some instances poor log-31)
ging practices have destroyed entire small watershedsThese reductions are expected to oceur-.even though
through erosion and destruction of the stream bottomsseveral types of fish salvage facilities will be employed.
and the upsetting of the temperature regimes to suchThe "California Water Plan" embodies over 200
an extent as to cause severe reductions in fish popula-major, dams throughout the State, many of whicht_ions and fish food organisms, would affect anadromous fish. The Delta area, as on~

In California, generally, dams appear to be the mostof the focal points in the plan, would see the construe-
serious factor in diminishing salmon runs. Untold milesLion of more and greater diversions and pumping facili-
of spawning tributaries have either been inundated orties.
cut off by impassable barriers. Shasta Dam alone on theAll of these facts impressively point out that many
Sacramento River eliminated approximately 50 percentadverse developments from water manipulation proj-
of the available spawning area of this river system. For-cots, as far as anadromous fish are concerned, can be
tunately; the flow and temperature regime below theexpected for some time to come.
dam is favorable to salmon. Friant dam eliminatedProjects such as tho~e outlined are not the only
about 36 percent of the spawning area of the Uppersource of concern. More urban and industrial develop-
San Joaquin River. Folsom Dam on the Americanment, particularly in the Bay Area and along the Sacra-
River also eliminated valuable spawning areas. Themenlo and San Joaquin rivers, must also be anticipated.
latter loss was at least partially compensated for byThis will result in a greater volume of waste which
Nimbus Hatghery with its capacity of 30 million eggsmust be adequately treated if pollution problems are
annually (Equivalent to 6,000 female spawners),not to be intensified.
Similarly, Coleman Fisheries Station on Battle Creek
near Redding has made up in part for the loss ofFortunately, significant advances have been made in

spawning areas above Shasta Dam. No such provisionabating domestic sewage pollution in and around the

was made at Friant Dam.
TABLE ;31

At the present time the principal spaxvning areas onANTICIPATED EFFECT OF THE PROPOSED BIEMONDthe Feather River are still accessible. A ladder on SALINITY CONTROL BARRIER ON FISHSutter-Butte Dam enables fish to negotiate this obstruc- LIFE UNDER TWO ,PROPOSALS
fion. The gigantic dam being constructed by the State

Anticipatedabove Oroville, however, ~vitl eliminate more spawning Population Loss o~
area and result in controlled flows below the dam. State o~,i. Vereent~ge

Single Three
agencies are cooperating to bring about the greatestSpedes River System Screen ~ Screen~

protection of the river’s salmon resource. King Salmon ..............Sacramento ................-12.0 -3.4
King Salmon ...............San Joaquin ...............-18.0 -4.3

As the California Water Plan progresses, evenKing Salmon ............Mokelumne .....................-24.0 -24.0
greater curtailments in spawning areas are inevitable.Silver Salmon ...........Sacramento -14.0 -3.4
On the Sacramento River the proposed Iron CanyonSteelhead Trout ..........Sacramento .................9.0 --1.2
Dam, if built, will cut off an area used by 94 percentStriped Bass ..............Sacramento-San Joaquin... -15.0-15.0of the present salmon runs in this river system. ThisShad ..........................Sacramento-San Joaquin .....25.0 -25.0
estimate is based on annual counts of salmon spawnersWhite Sturgeon ........Sacramento-San Joaquin ....5.0 --5.0
(Hallock 1957). Catfish ....................Sacramento-San Joaquin ....25.0 -25.0

Perhaps the greatest potential blow to all anadro-Panfish (Black bass,
mous species, and a number of other species as well,Sunfish, etc.) ...........Sacramento-San Joaquin ... +25.0 +25.0
are the salt water barriers being considered for the Bay1 Under this plan there would he a single large fish screen at the Delta

Pumping Plant,
Area. A number of plans for such barriers have been~ In additior~ to the fish screen at the pumping plant, Screens a~e proposed
suggested, all of which would have major r~percussionsat Walnut Grove on the Sacramento River and Paradise (2ut on the

San ~’oaquin Ri~er.

I
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Bay Area. A number of communities still discharge The rehabilitation .of large segments of the Bay is
raw sewage into these waters but contemplate treat- highly desirable, not only for the benefit of anadro-
ment facilities in the near future; thus, the outlook for mous fishes, but for the. molluscan fisheries as well, and
eliminating this type of pollution is ,good. the many species of forage fishes.

Industrial pollution is not generally as obvious to There seems to be little reason to doubt that areas ..
detect as domestic wastes. The bottom fauna may be presently devoid of aquatic life would again become
destroyed by the deposition of petroleum substances, populated with fish if they were cleaned up. Some
pulp fibers, or other waste materials. Oxygen depletion assurance of this is the reappearance of striped bass
may occur directly through the dumping of organic the past few years on the Berkeley "flats", an area
substances of high oxygen demand into the water or which in the past has been completely devoid of them.
indirectly by release of substances which encourage The Department of Fish and Game is making a ¯
excessive algae and plankton growths which seriously strenuous effort to protect the fisheries resources in
deplete the available oxygen each night. Many waste the ease of water projects and is finding water de-
products have physical or chemical characteristics velopers increasingly cooperative and cognizant of the
which are readily detected and avoided by fish, leaving problem. Nevertheless, losses of magnitude are bound
areas thus contaminated devoid of fish life, even to occur. ArtificiaI propagation is only a partial answer
though no actual fish kills occur, in most cases to losses of spawning areas. Additional

It would appear that insofar as pollution is con- solutions must be found. Fish losses at diversions re-
cemed in the Bay Area, the prospects for the future main a serious problem although the recent develop-
are encouraging. Strengthening of the pollution con- ment of louver and vertical drum screens may offer
trol laws in 1957, and increased public awareness have an opportunity to overcome losses at some major
made much progress possible, diversions. ¯
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THE MOLLUSCAN FISHERIES
The San Francisco Bay Area undoubtedly winds of the winter have formedpossesses strong season, a

the greatest potential of any area in the State for shell-white glistening beach that extends from San Mateo
fish culture. Ironically, however, dam and oyster fish-for a dozen or more miles~ southward. So abundant
cries which at one time flourished and were the mostare they that this constantly increasing deposit of shells
valuable in the State, have waned until at the presentcovers everything along shore and forms bars extend-
time clams rarely are taken commercially and oystering into the Bay.
culture has largely been abandoned in favor of other"Schoonersfrequendy carry away loads of them
more suitable areas, for the making of garden walks and for other purposes

Packard (1918) described the molluscans in theto which oyster shells are adapted. The supply is
most detailed investigation ever made of the bottomunfailing.,’
fauna of San Francisco Bay. His work was part of the TABLE :32
U. S. Fish Commission’s investigation undertaken dur-PREVALENT MOLLUSCAN SPECIES IN SAN FRANCISCO
ing the presence of the U. S. Fisheries Steamer "Alba- BAY--1912-1913 z
r_ross" on the Pacific Coast in 1912 and 1913. So.th

Saa Sa~ BayThe ensuing material (from Packard) will serve to
Pablo eiseo cisco tative)show the relative distribution as well as the more com-

mon species of mollusks in the Bay Area:
Macoma bMthlca [Ma~oma in _c~i~ua]    x     -     -     -

"The fauna from San Francisco Bay comprises 81
Maroma na~u~a

species and varieties, 43 of which are pelecypods, 31
Mya cMiforniea    ,[C~tomya ealifomla]    x     x     x     xgastropods, and 7 chitons.
Ostraa lurlda - x x x"Fifty-nine percent of the species listed below wereWoto~=~ ~,~,~, - - x -

taken exclusively within San Francisco Bay. This per-s,~o~,~,,r~u - - ~ -Thals lamellosa
-- -- x xcentage would be somewhat decreased had collections

been made along the .littoral outside the Golden Gate.
[

Nevertheless the relatively small percentage of forms
common to the two contiguous regions is noteworthy.
A number of the forms listed below were rarelytaken.Current testimony to the existence of these tre-
Such species obviously have little significance in suchmendous deposits is found in the recent book San
. a study. Therefore, it has seemed advantageous toFrancisco Bay by Harold Gilliam, Doubleday and
prepare a list of the more common species. Company, ’New York: "The Bay is one of the few

"The more common or prevalentspecies may arbi-places in the world where cement is made from
trarily be defined as those that were taken at one-shells and possibly the only place where the shdls and
fourth or more of the stations of any given group ofthe mud exist naturally in almost exactly the right pro-
.stations, as suggested by Sumner et al. (1913, p. 69).portions for .cement making.
In Table [32] the prevalent species for the different"For more than a quarter of a century this [cement]
:divisions of San Francisco Bay are given." plant has been fed by the remains of the Bay’s ancient

Appendix D contains a list of selected mollusks of" and it is estimated that theflooroysterpopulations Bay
the San Francisco Bay Area. is covered with enough shells to continue the operation

another 50 years."

THE OYSTER FISHERY Bonnot (1935), who was assigned to the State’s
oyster investigations in the 1930’s, gave the following

Early History brief history of the oyster !ndustry from 1870 onward:
Historically, the native oyster (Ostrea lurida), was"An historical account of the oyster industry of

present in the Bay in prodigious quantities and clamsCalifornia must deal almost entirely with exotic species.
and mussels were plentiful. Townsend (1893) one ofThe native oyster has been utilized commercially since
.the foremost experts of the time on .oyster cukure,the days of the Spaniards but no worthwhile attempt
Who was sent by the U. S. Fish Commission to makeat any form of culture was ever made. The natives
a survey of the oyster fisheries on this coast, reportedwere merely taken from the natural reds until the in-
.the following: "There are extensive deposits of thistroduction of other and larger species thrust them into
species [native oyster] in the shallow water all alongthe background.
the western part of the Bay, and their dead shells"In recent years the sale of oysters in California has
washed ashore by the high seas that accompany thebeen confined to eastern oysters (Ostrea virginica)

[9~1
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FIGURE 32. Map of Oyster Grounds, 1890-1891.
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I [now Crassostrea virginica], shipped market-size and    Company] of Chicago shipped three carloads~ of
held in San Francisco or Tomales bays, and to Olym-eastern oysters to San Francisco. Most of these were

i pia oysters [Ostrea lurida] shipped from the state ofsold at once and those remaining were laid out in the
Washington. There is no particular reason why thebay. Booth sold out to the Morgan Oyster Company

¯ California native oyster could not compete favorablyin 1871 and passed from the picture.
with Olympias except that in both California and"The ftrst oyster beds were located at Sausalito,

I Washington the old-time oysterman, until very re-Point San Quentin, Sheep Island [Brooks Island], Oak-
cently, clung to the trial and error method of culture,land Creek and Alameda Creek. These beds were soon

~ and natural conditions in the State of Washington haveabandoned and by 1875 all the beds were located in
been such that these methods were effective there.South San Francisco Bay. In 1872 Corville. and Com-

I "The first introduction of a foreign oyster on a corn-party laid out a bed just south of Point San Bruno.
mercial scale was in 1868 when the Mexican OysterAfter operating here for several years they sold to
Company started.importing Mexican oysters [OstreaSwanberg and. West who worked the ground until

I irridescens or ohilensis] to San Francisco from Altata1885 when it. was. absorbed by the Morgan Oyster
and Acapuleo. The oysters were shipped by steamerCompany. In i884 D0ane and Company established a
and soId at. the dock for 25 cents each. A notice wasbed atiNorth .Belmont and the next year~ sold it to
posted several days in advance of the steamer’s arrival.Morgan Oyster!C0rnp~ny; In 1877.M. B~ Moraghan

I This business was not very profitable as many of themade a start in the oyster business and controlled sev-
oysters died during the trip and ~in 1870, when theeral beds, the most important being at~ Coyote Point,
eastern.oysters began to be shipped to San Francisconear the Morgan Oyster Company bed, By 1885 we
on the newly completed transcontinental railroad, thefind only two companies engaged in the oyster busi-

I Mexican went out of business. Mexican Moraghan with two or three beds and the Mot-company heSS;
oysters were again imported during 1897-99 by Eligan Oyster Company controlling six. The Morgan
Gordon, of San Francisco but the conditions arisingOyster Company beds at this time were located at

I trrom the Spanish-American War caused him to discon-Dumbarton, San Bruno, Millbrae, Alvarado, North Bel-
tinue thebusiness, mont, and South Belmont. The Alvarado station was
..."During 1870 [according to..Collins (1892) thisabandoned in 1890 as it was too exposed to strong

oyster Shipment came West in 1869] A. Booth [andwinds.and heavy seas.

I     FIGURE 33. Moraghan Oyster Establishment 1890. Note the enclosed bed and thickness of the oysters which are exposed ot low tide.
Photo credit. Report U.$. Commlss~on of Fish and Fisheries for 1889-1891.
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FIGURE 34. Tonging oysters |n.South San Francisco Bay 1890. Photo credit. Report U.$. Commission of Fish and Fisheries 1889-1891.

"Moraghan dropped out some time later and theket. As the old-time oystermen knew tittle of the
Morgan Oyster Company controlled the oyster .busi:biological side of their business and ranit by a trial and
hess until 1921 when they went out of business and theerror, method, their only recourse was to look about
Consolidated Oyster Company took over their in-for other bedding grounds. They decided to try Hum-
terests, :The Consolidated Oyster Company is stillboldtBay.
carrying on, maintaining until 1929 the old Millbrae"Humboldt gay had been tested .for eastern oysters
bed which was Started by Morgan Oyster Company inby the U. S. Bureau of Fisheries, which in 1896 planted
i874; and now operating a bed at Oyster Point. ~ I ~ r’ 25 barrels of 3 and 4r year. old. easterns from. Princess
..:’.’The first oysters shipped, by B0~h:?in:1870 were... Bay andEast River, New YOrk. The returns 0f this

m~rket~size,. This was found. ~0 be.unpt0fit~t.ble ,as: the"pla~t we~ :fi~gative, .About. I910;: ’three men-Louis
expense of shipping adult oysters was excessive. Hegburg, Ivan Berggren and Olaf Thoresen-estab-

"Morgan Oyster Company started the practice oflished small beds of natives in the northern end of the
shipping eastern oyster seed and planting them in Sanbay and carried on the business on a small ~ scale. They
Francisco Bay, and this me~thod Was successfully main-sold their holdings to the Morgan Oyster Company in
tained until .about 1900. The prevailing opinionat the1911 and that company immediately skipped in larger
time was that the eastern oyster would not spawn orquantities of eastern oysters only to find that the local
set seed in San Francisco bay because of the lowtem-conditions were unfavorable as the U. S. Bureau of
peratUre. However, no concerted effo~, was made toFisheries h~id alrei~dy ~demonstrated. By 1912 they had
catch any eastern seed oysters,,and as a matter oLfact,lost $90,000 on, the venture and abandoned their hOId-
eastern seed.oysters did s~t seed. in small .quafitities On

~ ...... in thebay. ’ ’ ~. ’
the eastern side of the bay. During the 90’s an average"in 1911 while the Morgan Company were takingof I00 carloads of 90 barrels each of seed oysters were ~ .
shipped to San Francisco yearly, out their oysters as fast as the market conditions al-

"About 1900 some unknown factor or factors causedlowed, Mr. Louis Eaton, now a member of the Con-
a radical change in the southern end of San Franciscosolidated Oyster Company, planted 250,000 adult oys-
Bay which acted unfavorably on the oyster beds. Theters in south Humboldt Bay, where conditions are a
eastern seed planted there took much longer to reach alittle different from those prevailing in the northern
fair size and they were thin, watery and unfit for mar-end of the boy. However, comparatively few of these
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oysters were ever recovered. Humboldt Bay was givenTownsend (1893) mentions that the beds in Oakland
up by the oystermen and no attempt was made to doand Alameda Creeks were abandoned because of sew-
anything more there until 1932. age and traffic on the bay. At, the time, he ,reported the

’!Oyster planting in Tomales Bay started at aboutDmnbarton beds as being the best in the Bay. Accord-
the same time as that in San Francisco Bay. At Miller-ing to him the Moraghan beds occupied 1,100~ acres.
ton, on the eastern side of the bay, 17 carloads ofThose of the Morgan Oyster Company, according to
eastern oysters were laid out by Weinard and Terry,a bietmial report of the State Board of Fish Commis-
in 1875. They simply held them there and sold as thesioners, were estimated at 1,500 to 2,000 acres, at that
market permitted until all were disposed of. Easternstime.
were again planted in 1907 by Eli Gordon, who stakedIt is interesting to note the value Of oyster’ lands
several small beds. Gordon later sold his holding to J.during this period. The~ information is from Town-
McNab and G. Smith, who in turn sold to the Pacificsend’s report. "These lands [the tidelands of San Fran-
Coast Oyster Company, which still owns the beds andcisco Bay], surveyed and sold by the State at $1.25
holds eastern and Olympia oysters there. The Con-per acre, have gradually passed into the hands of the
solidated Oyster Company put in a small bed atlarger oyster companies. This is esPecially true of the
Blakes Landing. in 1917 which is now abandoned."extensive flats in the southern part of the Bay, most

FIGURE 35. targe double float with scows, tongs, baskets and other features of the oyster fishery of 1890. M. B. Moraghan Establishment.
Photo credit. Report U.$. Commission of Fish and Fisheries, 1890-1891.
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available for the present system of laying out oysters. TABtE 33
¯ . . The Tide Land and Water Front Company of EASTERN OYSTER PRODUCTION IN SAN FRANCISCO
San Francisco are proprietors of~the tidelands to a BAY PRIOR TO 1915
considerable extent and offer them for sale at the uni-Year Quantity" (pounds) Value
formprice of $25 per acre." 1880 .................................... 7S0,000 ....

Quoting Mr. Moraghan of the oyster company by 11888 ......................................9,100,100 ~ ___
that name, Townsend continues, "The price depends1889 ..................................12,369,000-10,500,000~ $571,525
upon the location, the kind of bottom, whether mud,1890 ..............................12,829,s00-10,592,750
shell, or sand, etc., and more than all, upon the im-1891 .............................13,387,800-11,069,100~ ’ 618,455
provement or amount of labor bestowed on the land.1892 15,098,700-12,505,150
We have some beds that are worth fully $1,000 per189~ ...............................14,975,682
acre to us, as we have been improving and working1899 ...................................2,940,000-28,800,000 ~ ___
upon them for the past ten years in bringing them1904 ......................................1,320,000 _._
to their present condition. Unimproved tide land, such1908 ............................ 729,000 _._
as is used in the Californian method of bedding oysters,~ Includes 910,000 pounds native oysters.
is verycheap, being worth $10 per acre, and such lands, Poundage esiim~ted ~om bushels, using 70 pounds per bushel.
can be had adjacent to the best inclosed beds for $20~it is thou~ght a typographical error is involved in this estimate, in’which

case me estimate would be 2,880,000 pounds and thus be ia agree-per acre." merit with the other estimate £or the same year.

The oyster industry thrived and became the single
most ~ valuable fishery in the state during the 1890’s. At
this time the importing of seed oysters from the East1915 to Present

Coast and their culture in San Francisco Bay was aThe oyster fishery was relatively short-lived. By
million dollar a year business. The State Board of Fish1908 production underwent a decrease of about 95
Commissioners reported in the 17th Biennial Reportpercent from the reported landings of 1892, and con-

for the years 1901 and 1902 that. betnveen 1887 andtinued at less than a million pounds through 1936.

190.0 more than 11,000 t9ns of eastern yearling seedThe only explanation offered for the decline was the

OySters had beenlbroughti.lto San Francisco ,:Bay for’ polluted condition of the Bay.~The choicest locations

’ i~u~ther growth; Wilcox (i895) provides the following
in the Bay were heavily contaminated, resultingin
oysters of poor quality.

-.data on the amount .of Seed oysters Shipped to SanLittle was done to revive the fishery until the 1930’s.
Francisco: Bonnot (1935) made a survey of all the potential

. Pounds oyster areas of the State. Regarding San Francisco
1887 1,562,000 Bay, he states:
1888 1,128,000 "In some places development is affected by some

:1889 1,007,000 unknown factors and the full grown oyster is not
i890 1,559,000 marketable."
1891 ’ 3,273,000
1892 ..............................................2,123,000 "Recent ventures have not proved to be marked

1893 1,607,000 successes and it is probable that other areas will be

1894 ..............~ ....=--.:7~ .......................1,332,000 used in the future."

i895 .............................................1,680,000 "Portions of San Francisco Bay are free from sew-
age but great areas are contaminated and must be
avoided. In clean areas where oysters develop to corn-Fortunately,records availableare showingthequan-
mercial size, some effort may be made to improvetity of oysters grown during a few of those earlynatural conditions, but no great amount of tinae or

years. These are given in Table 33. Appendix B-4energy should be spent in San Francisco Bay until
shows oyster landings prior to 1918. The data were ob-sanitary conditions improve."
tained from reports of the U. S. Commissioner of Fish
~nd Fisheries, U. S. Department of Commerce and theUnfortunately, San Francisco Bay was not the only

biennial .reports of the California State Board of Fish
oyster gr0und thus condemned by pollution. Alamitos

’ ’
r and San Diego bays, Anaheim Slough, and the Tia

~C0mmissioners. The oyster production figures prior toJuana River Estuary were all discounted as oyster
1915 are confusing because of frequent contradictionsgrowing locations because of one type of pollution or
in the early reports. As shown in Table 33, two setsthe other. Oil was the principal polluting agent at the
of figures are available for most years, thus making ittime in the southern locations, except for San Diego
almost impossible to determine which is correct. WhileBay which received large quantities of raw domestic
such discrepancies may exist, the amounts are of simi-sewage.
lar magnitude and it must be assumed therefore thatThe Department (then Division) of Fish and Game,
the yield was on the general order of the figures cited,and the U. S. Bureau of Fisheries entered into a co-

D--01 9262
[3-019262



I
i FIsI-I AND WILDLIFE RESOURCES, SAN FRANCISCO BAY AREA 101

.I

FIGURE 36. Culling oysfers 1889-1891 Morgan Oyster Company, Millbrae. Photo credit. Report U.$. Commission of Fish and Fisheries, 1889-1891.

promote At the cessation of hostilities oyster culture wasoperativeprogramin the 1930’sto the de-
velopment of the oyster potential on this coast. Theresumed and imports were again, made from Japan.
program, which involved a series of surveys and re-.Production .gained momentum, until by 1956 over 6
search, provided much of the present knowledgemillion pounds of oysters were harvested .in the State.
about oyster culture in this State.

Humboldt and Morro bays are .now the leading. The progr.am successfully stimulated the interest of
oyster grounds, the former being the largest producer.

gigas)privatewasC°mpanieS’imported fromThe JapanPacifiCinOySter.1931 and(Crass°streabeds    Of the 6 million pounds ~harcested in 1956, the San
Francisco Area contributed slightly more than 6 per-were

established in Drakes, Tomales, and Morro bays. Spe-
cent. Landings for both the Bay Area and those of thecial efforts were directed toward the cultivation of
entire State are given in Appendix B-2 from 1916the native oyster in Humboldt Bay in an attempt to
through 1958. Figure 20 the State andoffer a product which would compete with the Olym-
Area Landings.

compares Bay
pia or .Willapa Bay oyster, which is the same species,
grown in Washington. There does not exist an oyster sport fishery, as

The results of the program were positive and thesuch, in California, although a small quantity of native
state-wide oyster landings began to increase. San Fran-oysters are taken by sportsmen. The other species
eiseo Bay, however, continued to decline as an oysterhave not yet distributed themselves and therefore are
ground. Only one oyster company persisted on thefound only on cultivated beds.
Bay as late as 1937. The San Francisco Area, never-
theless, up to this time, remained the State’s leading
oyster producer chiefly because of new beds in BodegaOyster Culture
Lagoon, Tomales Bay and Drakes Estero. By 1941General. Oyster culture necessarily varies, accord-
total production in the State reached almost 2 millioning to the species grown and local conditions. Outside
pounds, mostly Pacific oysters. At this point the warof these variables, there are basic differences in cultural
interfered with the importation of seed oysters fromand harvesting techniques. In California, in the past,
Japan and the landings steadily decreased to 272,000only the crudest methods have been employed. The
pounds by 1946. practice generally has been to import seed oysters and
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lay.them out on the beds to grow to proper marketingWater conditions and of course the availability of
size, or to import market-size oysters and merely holdgood clean cultch determine to a large extent the
them for sale. Until the last few years, harvesting hassuccess of natural reproduction. Moore (1897) states,
been done by hand almost exelusively. ’¢I’he most desirable water for oyster culture is that
..~ There have been great’ strides in oyster culture inwhich contains an abundance Of minute living par-
the last fifty years, in EurOpe and Japanpartieularly.tides with a minimum of suspefided inorganic matter.
The techniques which have been developed offerSuch waters must be free from slime or sediment. Any
great promise for the local fisheries should they. besubstance which forms afilm on spat collectors is
adopted. With the .knowledge that the Bay is provendetrimental to oyster culture." If collectors are used,
oyster ground, it would seem worth while to exploreprecautions should be taken to see that they are set
the possibilities in this direction, out at the proper time. They must be set out when

the spat are abundant, and remain sufficiently long to
Sources of Stock. Present knowl~dge dictates theassure a good quantity of larvae. But they must not

importation of seed oyster for cultural purposes, sincebe exposed so long beforehand as to acquire a film to
temperature conditions do not appear satisfactory onwhich the spat cannot attach.
our e0ast f~or natural ~eproductiqn. It Should be re-
iterated. htw~v~t that ii6 :Si~ial effort has been madeThe tidal prism., isapparently a requirement during
tt:eolieet :tile "gp~tt Of iml~orted varieties. Townsendall phases of oyster e~I~e~’Th~. �ohs~ant oscillation
(i~893), :Who examined the.; Bay to determine the ex-of tidal waters is necessary to disseminate the repro-
t~nt of natural reproduction, and Bonnot (1935)foundduetive products and larvae in areas where natural
~videnee that led them to believe that eastern oystersreproduction occurs, to oxygenate the water, and con-
did!successfully reproduce here. Therefore, ~he pos-tinually renew the supply of food organisms~ .Tidal
sibility of locally produced stock of either Pacific oraction also scours and deans the spat eolleetors or
~hstern oysters is not to be altogether precluded. Fur-eulteh and prevents the settling of sediment and sub-

[hermore, the extremely prolific native oyster wouldsequent smothering of the young oysters.
e a readily available source of stock, if a marketableSince oysters become sedentary after the larvae set,

. ~prtduet Could be produced, they are highly Susceptible to the vagaries of weather,
" :~fTii~e iS~:Some advantage, however, to importingpollution; predation and .any of the sources of ex-

’ " ’ s~d oyster ratl~ei~ than: i~siiig locally spawned st0ci~,ploitation to which they are exposed,
Where natural reproduction occurs, spat usually be-The diet of oysters consists of the great diversity
�0rn~ crowded on the available eulteh and requiresof microscopic and planktonic organisms common to
culling. This expensive process would be negated intheir environment, among which bacteria, diatoms,
the case of seed imports, which it might be added,protozoa, mieroerustacea and algae are the most ira-have been easily obtained except for war years, portant. A stream of water is constantly pumped

ACcording to Dr. Harold.Oreutt, shellfish expert
through the mantle cavity, from which these minuteof theDepartment ~of Fish. andGame, ~Pacifie oysters

appear to be best suited .for cultural .purposes in theorganisms are strained. This same stream of water also

Bay, although the eastern oyster has been successfullyserves the respiratdi’y .processes, bringing oxygen and
grown in .the past. The Pacific oyster attains a largecarrying away carbon dioxide. "An adult eastern
size and is preferred for commercial outlets, while theoyster will pump from two to seven gallons of water
eastern is .reported as being the tastier and preferredper hour and if not exposed at low tide will feed more
for domestic use and as a special purpose oyster, than 22 hours out of every 24." Fitch (1953).

Under favorable eondkions about 20 to 25 easesAnother consideration in cultural operations is the
of seed oysters (16,000 to J0,000 p.er ease) are laidprevention of depredation by other organisms. In the
out per acre. This amount when harvested should yieldBay Area oysters have a number of natural enemies.
20 to 40 gallons of shucked oysters (approximately
100 oysters per gallon).

Chief among these are bat rays, sharks, several vari-
eties of fish, and oyster drills. Of the latter, two species

..Conditions for Oyster Culture. The primary con-were accidentally introduced with Oyster shipments.
sideration in oyster culture, ofcourse, is ~water quality.Urosalpinx cinerea and Oainebra japonioa, eastern and
The need for sanitary conditions is imperative bothJapanese oyster drills respectively, ~are introduced spe-
from cultural and public health viewpoints. At thecies while Thais Iamellosa.is a native species. Starfish
present time, for instance, public health agencies haveare one of the greatest threats in some areas, but do
prohibited the sale or culture of oysters for humannot present a problem locally.
c̄onsumption in many sections of the Bay. Good water
quality is also necessary for proper growth and con-Good success was formerly obtained with stake or
ditioning of a marketable product. Under adversewire fencing to exclude sharks and bat rays and this
conditions oysters become flaccid and unacceptable tomethod could be employed again. Depredations by bat
the consumer, rays have been particularly serious. Fortunately, other
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FIGURE 37. Freshly set out Pacific oyster seed on shell. D., F & G. photo by, H. ,G. Orcutt,: Jan.~ 11, 1956.

almost There is an unfailing market for oysters and theyfisharenot seriousproblem;theywouldbe
impossible to exclude, us~aliy command an excellent price. The ~quanfity

Oyster drills would undoubtedly cause the greatestgrown in California in past years fell far short of the
losses unless special precautions were taken to protectdemand and much of the supply had to be shipped in
against them. Presently each shipment of importedfrom areas to the north.
oysters is inspected and infested lots are not permittedSince the end of World War II and the resumption
to be planted. The predations of the drill and starfishof trade with Japan, Pacific seed oysters have again
both have been largely disposed of in some areasbeen and highly successful fisheries have beenimported
(foreign countries) by the adoption of modern culturaldeveloped in Humboldt and Morro bays and to a lesser
techniques in which the oysters are grown in racks orextent in the smaller bays in the San FranCisco Area.
trays suspended above the bottom. Since both pests areThese, however, do not satisfy the present market de-
strictly bottom forms, they are thus excluded, mand. The apparent solution would seem to lie in an

,Potential for Oyster Culture in the Bay Area.
Knowing most of the esturine waters of the Bay Area

expansion of the industry and; as a matter of fact

are capable of producing oysters and being supplied
oyster growers have already shown renewed interest

with quantitative data from previous productionin some of the local oyster lands for tlae purpose of

records, it is not too difficult to imagine that an oysterestablishing commercial beds. Some lands have already

fishery of exceptional proportions could be developedbeen allotted to oyster concerns by the Fish and Game
Commission for cultural purposes.here.
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These allotments are made to qualified interests whoTable 34, which gives the surface acreage of the prin-
agree to develop the lands for oyster production put-eipal bodies of water in the Bay Area, indicates roughly
poses. A small charge is made for the lease of the lands190,000 surface acres (inclusive of restricted areas)
which the operator is required to develop at a specifiedwith some degree of potential as oyster grounds.
rate. No allotments can be made on good natural damData from 1890 to 1900 provide a rough estimate of
beds. the yield per acre for that period. The available evi-

The major drawback to expansion of the industry indence indicates that 3,000 to 4,000 acres were used to
the Bay appears to be water quality. Quoting from theproduce 10 to 15 million pounds of oysters. The yield
44th biennial report (1954-56) of the Department oftherefore, could have varied from 2,500 to 5,000
Fish and Game: "Many thousands of acres of thepounds per acre. At the latter rate 10,000 acres of good
largest bays-San Diego, San Francisco, San Pablo andoyster ground could produce 50 million pounds, per
large portions of Humboldt Bay-cannot be certifiedyear. Even at the lower rate, which incidentally, seems
by the Department of Public Health for oyster pro-the most reasonable considering the techniques em-
duction because of the possibility of contamination byployed, there appears to be sufficient bottom land to
sewage, produce twice this amount.

"This boom in shellfish production is now limited toAs further evidence of the oyster potential some
areas presently in production and no further expansionexamples of the result of modern methods of oyster
is possible under present physical conditions, culture, as practiced in Japan, France, Denmark and

"The oyster industry in San Francisco Bay was at itsHolland particularly, might be cited. The techniques
height around the turn of the century. It reached aemployed are much advanced over those now in prae-
[secondary] peak of over 1.5 million pounds annuallyt_ice in this state and this country generally.
by 1911, then faded away because of polluted eondi-Dr. Coste revolutionized oyster culture in the Bay
tions of much otherwise usable area." of Arcaehon, France (Smith and Chapin, 1954) and

Production Estimates. Some idea of the oyster-his techniques have been widely adopted elsewhere.

producing capacity of San Francisco Bay and the adja-Spat are collected on pieces of tile or other suitable
substance, which has been coated with lime and sand,cent waters can be obtained from previous production

records. Recalling the landings during the 1890’s, it
and which has been set out at the proper time..The

Was Seen thafl0 to 15 million pounds were produced
development and. abundance of larvae are observed

annually on a few thousand acres of beds. It is conceiv-closely to assure that the collectors are not set out too

able therefore, that a several fold increase in produc-far in advance. After the spat have been collected,
they are broken off and placed in wire covered traystion could occur simply through a proportionate in-which are suspended on legs above the bottom of the

crease in area put under Oyster culture; Reference toBay. Finally the oysters are moved to "claires" or
fattening beds to complete their growth.

TABLE $4 In .this manner about 500 million edible oysters a
SURFACE ACREAGE OF SELECTED WATERS year are produced in the 37,000 acre Bay of Arcachon,

IN THE BAY AREA for an approximate yield of 13,500 oysters per acre.
Potential Intensive cutture in Japan and Holland has resultedOyster

Location Acreage Grounds~ in the production of about 6,000 pounds per acre.
South Bay ..........................................141,100 100,000 Production in Holland has been increased from ½
North Bay ...............................40,300 5,000 to 2 million oysters per year under natural conditions
San Pab!o Bay .....................................71,400 70,000 to 30 to 40 million superior oysters under culture.

Subtotal .....................................252,800 175,000 Status of Bay Area Sites. A very brief description
Carquinez Strait ..........................4,500 and statement of the present status of Bay Area oyster
Suisun Bay ..........................17,600 sites and the potential of various waters in the Bay
Upper Suisun Bay ..........................7,800 Area for oyster culture follows. Table 35 provides

information on present oyster allotments and private
Subtotal ......................................29,900 beds.

Tomales Bay ......................................9,600 (est.) 9,600
Bodega Bay 700 (est.) 700 San Pablo Bay: Pollution appears to be less severe
Bolinas Bay .....................................500 (est.) 500 here than in any other part of San Francisco Bay. Most
Drakes Estero ......................................3,000 (est.) 3,000 of the Bay appears physically suitable for growing

No portion is too deep, and the bottom up-oysters.Subtotal ............................................
=====13’800

13,800
pears to be generally satisfactory. The concern of

Grand Total ................................296,500 188,800 Clayton McNeil had an allotment of 3,000 acres in this
t These figures a~e zough estimates based on the depth and type o~ hot- Bay for oyster cultural purposes, but abandoned it

tom. No attempt has been made to exclude publle damming (or
~e~cted) areas in the estimates, after a small initial plant proved unsuccessful. The
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I"ABtE a~ large portion of this Bay, being one of the most pro-
CURRENT OYSTER ALLOTMENTS .AND PRIVATE OYSTER ductive clam areas in the State, has been set aside as

BEDS IN THE BAY AREA a public clamming area and cannot be alloted for
Name of other purposes. Extensive development is also limited

Location Ownership Acreage Concern because most of the adjacent land is in private owner-
San Pablo Bay__..State Allotment #603,000 Clayton ship.

McNeil
Tomales Bay.~StateAllotment #I387 Coast Oyster Bolinas Lagoon: This is another excellent shellfish

Company area. Clamming is superior, but oyster culture has
Tomales Bay .......State Allotment #52 88 Coast Oyster been limited. The Coast Oyster Company has a 240

Company acre allotment here and has spent two years in devel-
Tomales Bay ....State Allotment #34 120 Henry oping it. Although operations are still in the explora-

Jensen tory stage, it appears to be a promising producer. The
Tomales Bay____Private 5" Spenger rest of the Lagoon is set aside as a public clammingTomales Bay. .... Private 10" Tomales Bay

Oyster ¢o. area.

Drakes Estero.__. State Allotment #2 1,165Coast Oyster Drakes Estero: Past experience has shown this site to
Company be a good oyster producer. Formerly, the entire areaBolinasLagoon ....St.ate Allotment #57 240Coast Oyster (about 3,000 acres) was in oyster allotments. At theCompany

present time 1,165 acres along the shoreline are re-
Total Acreage .......................5,015 served for this purpose. The rest has been set aside as

* Estimated. a State public clamming area. The Coast Oyster Com-
pany is active here and the oysters produced are of
excellent quality, entering the trade as half shell and

Coast Oyster Company has also expressed an interestfor other specific purposes requiring a first class prod-
in San Pablo Bay. uct. This area can be expected to be developed to the

Several factors appear to be affecting the develop-fullest possible extent in the future.
ment of San Pablo Bay for oyster purposes. Appar-
ently there are few interests willing to invest the capi-Bodega Bay: Bodega Bay is rather small (about 700
tal required to establish the industry on unprovenacres) and oyster potential is limited. The only suit-
ground, and furthermore, certain areas are restrictedable area lies in the south end of. the bay where beds
by the Department of Public Health. Industrial pollu-formerly existed. It is chiefly a damming area.
tion is serious in some areas.

Private Salt Ponds. The use of small acreages of
South San Francisco Bay: At the present time noprivately owned tidal bottom lands or salt water ponds

oyster operations are conducted in the South Bay duehas not been investigated in California to the writer’s
to the public health quarantine. The Department ofknowledge. On the. Atlantic Coast:, however, some ex-
Fish and Game is experimenting with small plants inperimental work is being done along these lines, wid~
the vicinity of Palo Alto to observe the growth andcommercial Oyster culture in mind. The U. S. Bureau
condition of oysters planted in this area. The entireof Commercial Fisheries has reported the successful
South Bay is potentially valuable oyster ground, per-setting and growth of eastern oysters in salinities vary-
haps the finest in the State. It is proven ground anding from 15 to 27 thousand.partsper
the only serious factors limiting its use are pollution
and public health restrictions.

North San Francisco Bay: Oysters are not grown THE CLAM FISHERY
.here at the present time. The North Bay does not
appear to have the potential of either the South .BayMuch of the foregoing enthusiasm about the possi-

or San Pablo Bay. Some areas are rather deep forbilities of oyster culture in the Bay could appropri-

oyster However, portions with mud bot- ately be applied to clams as well. However, there is
toms, andPurp°ses’the smaller coves and bays along each side,litde doubt that where private enterprise is concerned,

efforts at clam culture would be secondary in view ofare possibilities. Richardson’s Bay, for example, wasthe more lucrative oyster.used as an oyster ground before 1900.
. :. Bonnot (1940b) and, more recently, Fitch (1953)

Tomales Bay: This bay has extensive shallow areashave described the common marine bivalves of Call-
well suited to oyster culture. The east side of the bayfornia. Fitch, in addition, gives a brief but informative
is most suited to the purpose. The Tomales Bay Oys-account of their habits and habitat, anatomy, locomo-ter Company and the Spenger Oyster Company are
currently growing oysters here on private beds. Ation, feeding, growth, reproduction, maturity and eco-

total of 595 acres has also been allotted by the Fishlogical relationsllips.
and Game Commission to oyster interests. This BayIntroduced species have sustained the clam market
produces fine oysters and the potential is good. Ain the Bay Area.
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Early History later report (1901) listed the mussel landings for 1899
at 364,076 pounds. Landings prior to 1918 are given

The original shellfish fauna of the Bay Area wasin Appendix B-4.
extensive, but few species could be considered of good
commercial value as food products. Bonnot (1932) provides a.btief summary of some

The more important species were the Washington,commercial clamming operations in the Bay Area from
- their inception to 1932:gaper, Pismo, common littleneck (formerly called rock

cockles) and bent-nose clams, and sea mussels. South Sam Francisco Bay.
The most common edible species of the Bay was the"South City. (near Fuller Pdint Works): a fene’ed

bent-nose clam (Macoma nasuta). According to Fisherbed of about 25 acres. The bed was staked in 1890 and
(1916) Chinese shrimp fishermen dug large quantitieshas been maintained ever since by a family named
of them in the South Bay for the market prior to 1876.Maitzer. It is in fine shape at present [ 1932].
This is also the most common species found in Indian
shell mounds. "Western Pipe and Steel Plant: This bed was fenced

wide- in 1890 by John Connell and was worked by him andThesea mussel(Mytilus calif orniaTzzts)
spread and abundant and was in moderate demand,later by his son. It was destroyed in 1920 by the ship-

Most of the common little neck clams (Protothaoa
yard ~which was built there.

staminea) in San Francisco markets came from To-"Bayvie,w: A staked bed of 50 acres laid out in 1890
males. Bay, where they were very abundant, by Connell. It was worked until 1930, when it was

Gaper (Scbizotbaerus nuttalli) and Washingtonabandoned due to industrial wastes which are dumped
(Saxidomus nuttalli) clams are fairly abundant andinto the bay. This condition has been steadily increas-

certainly must have entered the market in some quan-ing as more and more factories locate on that part of

tity, although records specifically referring to themthe bay.

were not located. "Baysbore: This bed was staked in 1925 by Connell.
Pismo. clams (Tivela stultorum) are rare in the BayIt was an enclosed baE of about 10 acres. It was de-

Area and probably did not contribute substantially tostroyed in" 193i. Connell’s lease ~ran out and. the city
the earlymarkets, took over.the cove and i~.=r~ow filling it up with: refu~e

’ ’ from theincinerat0i~ ~".The soft-shell clam (Mya, arenaria) is believed to
have been accidentally introduced with the first oyster’.’.San.Leandro Bay: This bed is not fenced. It
importations in 1869 or 1870. At any rate it soon dis-large. A good many clams are dug for the market from
placed the native species in the Bay and became widelythis bed by Chinese."
distributed over the entire region. It .is an excellent
food clam and formed the bulk of the clam trade inNorth San Francisco Bay.

San Francisco.~ The mud flats of San Pablo Bay and"All the beds from Sixteenth Street, Oakland, to
the South Bay were particularly favorable .locations.Cosy Cove with the exception of Quong Sang’s bed at

The Common bay mussel (Mytilus edulis) is not aAlbany are merely open flats where any one can dig
native species, but is thought .to have reached our coastclams.
from Europe by way of sailing vessels several hundred"Albany: This bed is ,enclosed by a very modern
years ago. It contributed substantially to the shellfishsquare-meshed wire fence on redwood posts. The fence
catch in past years. In Europe it is cultivated exten-encloses about 100 acres and there is a small house
sively as a food mollusk, where a couple of Chinese live who act as keepersand

The ribbed horsemussel (Arcuatuta demissa) is an-,diggers.
other apparentlyaccidentalintroduction.It was first "Martinez and Napa River: I have not seen these
detected in 1894. It is not a .major species, beds..They are reported to be good. Digging on them

The Japanese littleneck clam (Tapes semidecussata)started this year [1932]. The reports I have received
was first detected about 1931 and is believed to haveall claim that clam beds so far up the river are due to
.been introduced with shipments of the Pacific oysterthe lack of fresh water arid the consequent upriver
. from Japan. This small clam rapidly became dissem-push of salt water.
inated along the coast from San Francisco northward.
They are. particularly abundant in San Francisco Bay"Tiburon: There are three small bed~ here, all st~ked

, , ’ and owned by John Connell, Who owned the beds
and the Delta. about South City. The beds will cover about8 acres

Reports of the U. S. Commissioner of Fish andof bottom."
Fisheries indicate that between one and three million
pounds of dams and mussels were taken regularly eachTomales Bay. "There is only one staked bed in To-
year from 1880 to 1900. The soft-shell dam of coursemales, it is the largest fenced bed in the vicinity.
was the principal species but bay mussels were alsoThe area enclosed is about 300 acres. It belongs to the
taken in fair quantities. For example, Wilcox (1895)Pacific Oyster Company and was originally intended
reported 487,995 pounds of mussels for 1895 and in afor oysters. It is at present under lease to the Hop
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I Lung Clam Company. Although there are soft shell    1915 to Present
clams all over Tomales Bay, they can only be found in
paying quantifies inside this fence." With the initiation of the record system in 1915,

I accurate information on clam landings became avail-
Bodega Bay. "The whole bottom of Bodega Bay isable. But the resource had degenerated greatly by then.
good dam ground and six or seven species are taken’ Softzshell dams remained the most important market
in commercial quantities, including the soft shell. A

I great many of the clams of all species are used by thespecies in the Bay and as a matter of fact comprised al-
most the entire catch in Area after 1915. Annual soft-local fishermen for bait. None of the bottom is    shell landings are shown in Appendix B-2. They .were

fenced."
TABLE a6                       on the order of about 100,000 to 300,000 pounds be-

I z tween 1916 and 1935. The species continued to de-
FORMER CLAM BEDS INTHE BAY AREA crease until they eventually dropped completely out of

Fenced
or the commercial picture in 1949. There have been no

Location Unfenced Acres Stazted Destroyed Owne~ landings reported since that time. Bay Area landings

I South City ......yes 25 1890 ....Makzner , .
South City ....yes 25 1890 1920 Connell constituted virtually the entire state-wade total of soft-
Bayviev¢ ....yes 50 1890 1930 Conndl shell chins.
Bayshore ---- yes 10 1925 1931 Conner Pismo and razor dams have been omitted from this

i ¯ San Leandro Bay no 100 _ _ Public discussion since both are rare in the Bay Area. Pismo’sSixteenth Street
’Oakland .....no 150 _ _ Public were the most important eommereia! species in the

Brooks Island_ no 50 -- _ Public State for a number of years immediately preceding
Sobrante ..........no 100 _ _. Public 1920 but, dueto pollution and excessivedigging, land-

I Wine Haven ....no 100 .... Public
CoZy Cove ......no 40 .... Public ings dropped below those of soft-shell clams. In Call-
Albany _.~ yes 100 1928 __ Quong Sang fomia, Pismo clams are found chiefly along the coast
Tiburon ........yes 3 1930 _ Conner Of San Lifts Obispo County.

I Tiburon ........yes 2 1930 __ Connell
Strawberry Point yes 3 1930 _ Conner For the sake. of. convenience all, clams and mussels
Tomales,rBay,_ yes 300 1910 _

¯

~ ~ ~i~ r ~0~" ~O

FIGURE ~38. Orientals digging soft-shell clams on fiats of San Pablo Bay at Pinole about 1920. D. F. & G. photo presumably by F. W. Weymouth.
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exceeded 100,000 pounds per year in the Bay Area be-Domestic and industrial pollution have resulted in
tween 1916 and 1935. During this period the Bay Areathe complete loss of the South Bay clam fishery. The
landings comprised about one-half of the state-widelast so called "farm" operated near Bayshore. Wey-
total In 1936 only 7,000 pounds were recorded frommouth in his report stated that many localities of San
the San Francisco Area. Less than 500 pounds haveFrancisco Bay were unsafe sources of food mollusks.
entered the commercial catch in the last 17 years. North San Francisco Bay: t~xcept in the shallow tidal

State-wide landings of miscellaneous clams under-flats and bays such as Richardson Bay, clams are not
went a sharp decline between 1936 and 1943 to a lowparticularly abundant. Clam habitat here is limited.
of 898 pounds in the latter year. The species present are essentially the same as in the

One of the reasons for decreased clam landingsSouth Bay, although more of the marine forms are
throughout the State is the labor required to dig them.found here than in the South Bay or San Pablo Bay.

"Populations exploited by the general public have be-The bay mussel is found in good numbers attached
.come sparse and it simply does nrt pay to dig themto rocks, piles, shell, and similar substrate.
commercially. Furthermore, the State has reserved for
the public some of the better clamming locations, andToraales Bay: According to Weymouth the corn-
these may not be exploited commercially, mon littleneck clam reached its greatest abundance in

Tomales Bay from where the major share for the San
Francisco market was obtained. Soft-shell clams are

The Present Fishery fairly abundant and were dug commercially until
Sport Fishery. Some of the finest natural clam bedsrecently. This is one of the better clamming areas and

in the State are found in the Bay Area, where eachsport clammers take large numbers of Washington and
year throngs of people flock to the beadhes to diggaper clams as well as the other species. A large area

them. The resource affords recreational opportunityof this bay between Tom’s Point and Sand Point is
and at the same time provides a good many peoplereserved as a public clamming ground.
with a tasty seafood treat they might not otherwise~Bodega Bay: Virtually all of this Bay may ~be con-
enjoy, sidered good clam grounds. The principal species

~Unfortunately, data on the number of diggers orfound, here are the Washington and soft-shell clams
the effort and money thus expended each year areand the gaper. It is an excellent sport clamming area.
unknown.

Bolinas Lagoon: The accessability of this bay makes
Current Clamming Localities. Several investiga-it a popular sport clamming area. It is a good pro-

tots have surveyed the California shellfish resources,ducer of gaper, Washington and littleneck clams.
Among these might be mentioned Heath (1916), andDrakes Estero: At the present time this is one of theWeymouth (1920). Dr. Harold Orcutt of the Depart-
ment of Fish and Game made observations of the clamvery finest clamming areas in the State. Clams are
resources, incidental to a recent oyster survey, abundant and of fine size and quality. The principal

species are Washington, gaper and soft-shell clams.
~ A .brief summary" of the. principal locations and theBeing surround.eft by private land, the Estero is rather

more important species found in each follows: difficult of access and this is perhaps largely respon-
" San Pablo Bay: Formerly, this bay produced thesible for the present clamming quality.
greatest share of s0ft-shell clams marketed in San Fran-
cisco. They have not been exploited recently, largelyHalfmoon Bay: Clams are not overly abundant here.

because of the public health problem. Recent observa-Among the species taken are Pismo and Washington

tions by Orcutt indicate they are still present in goodclams.

numbers. The bent-nose and Japanese littleneck clamsMost of the species just described are usually found
are also present. Data are not available regarding thein sheltered bays or coves. In contrast to them, many
status of the littleneck in San Pablo Bay, but theyshellfish are found along the outer coast attached to
may be assumed to be there in good quantity. Thethe rocks of exposed reefs, as for instance the sea
Chinese operated soft-shell clam beds at Pinole untilmussel (Mytihts californianus) and some of the boring
r~cently..Weymouth (Op. dr.) reported that a single clams which are sosituated that they are constantly
dig~ could obtain between 60 and 100 pounds onlashed, by the full force of, the surf. Others like the
one tide here ..... Pismo, razor, and Whlte,sand clam are found burrowed

South San FrancisCo Bay! As in San Pablo Bay, the in the sand along the .ocean beaches.

chief species here is the soft-shell clam. Originally the
bent-nose was very abundant but was displaced bySpecial Species. Several species deserve special

the imported soft-shell. The Japanese littleneck hasmention because of their importance to sport diggers,
presumably become well established here also. Wash-or to the commercial industry, or because of their
ingtonand gaper clams are present but not abundant,abundance. Insofar as possible, information is pro-
Other species are found in limited quantities, vided on the location of the better known beds.
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Washington Clam: The Washington is one of thelength of eight inches and weigh up to four pounds.
more important species to sport dam diggers and isThey are found in a variety of habitats, except in areas
especially esteemed as a food mollusk. According toof low salinity, and are fairly abundant at a good many
Weymouth "The localities in which they are mostlocations along the California coast. In the Bay Area,
markedly abundant are: Humboldt Bay, Crescent Cityparticularly good locations include Bodega Bay, where
Beach, Bodega Bay, Wilson’s Creek, Tomales Bay,they are found on the middle tidelands near the ehan-
Bolinas Bay, and Drakes Estero." Morro Bay. is annels; Tomales Bay, between Sand Point and Tom’s
equally important source of Washington clams. "InPoint and in association with littleneek dams on the
Bodega Bay the beds lie in the middle ground exposedbeaches; in Drake’s Estero they are found along the
by the tides, and along the western shore. In Tomaleseastern spit. Beds are also located along the coast be-
Bay the beds are neither extensive nor utilized com-tween Bodega and Tomales Bay. The gaper is one of
mercially. In Bolinas Bay they are nearly gone, due, itthe most important species taken by elammers. It is not
is said, to the deposition of sand. Judging from theparticularly favored as a food item in comparison to
fact that at one time the Indians came annually to campsome of the other species; nevertheless, diggers exploit
at Tomales Bay in order to gather the Washingtonthe available beds fully.
clam, they must have been far more abundant then,

Soft-Shell Clam: The soft-shell is one of the betterthan at the time [1919] of the survey."
known food dams. It is widely distributed in all favor-

"It is improbable that any further development ofable estuaries, bays, and river mouths north of San
an industry based on this dam is to be expected. It is.Francisco. San Francisco Bay, however, is the center
less hardy and of slower growth than Mya [soft-shell]of abundance because of the large expanse of favorable
and hence less able to withstand excessive fishing."habitat. It prefers sheltered bays free from heavy wave

The shells of this species were formerly used asaction.
money among the coast Indians. A heavy valve with-Important beds in the Bay area, other than in the
out discolorations was worth about fifty cents aroundBay itself, are located in Bodega Bay along the eastern
1900. shore and the northern end of the western shore, and

Littleneck Clam: In California the common little-in Tomales Bay, near the head of the Bay and along
neck clam reaches its greatest abundance in bays suchthe northeastern .shore. Beds of lesser importance .are
as Humboldt, Bodega and especially Tomales, accord-found in Drakes Estero and the Estero del Americano.
ing to Weymouth. At the time of his survey [1919] heThe beds in Bodega and Tomales Bay offer fair re-
stated that in Bodega Bay it was of sufficient import-suits to sport diggers but would not withstand com-
ance to warrant digging commercially for shipment tomercial exploitation. Drake’s Estero, being encompassed
the San Francisco markets. They are most abundant onby private hnd, is not easily accessible to sport diggers.
the northwestern side of Bodega Bay. The soft-shell clam offers .the greatest possibility for

Good beds in Tomales Bay are located on the gravelcultivation, here as on the Atlantic Coast. The species
and boulder beaches, is hardy, fast growing, and tolerant of variable salinity.

Quoting Weymouth, "On the northern side of theSan Francisco Bay with its extensive mud flats could
Bay the best beds are between Marshals and Arroyosupport a fair industry were it not for polluted condi-

San Antonio; on the southern side they lay oppositet.ions. At the present time, the cost of labor and the

these and for two miles towards the head of the Bayinitial capital required to fence out predacious sharks

from Inverness . . ." and stingrays, are additional factors discouraging dam
cukure.

Bent-nose Clam: This species is of particular interest
because it is the most common and widely distributedJapanese Littleneck Clam: Special mention should be
species in the .State. It is a hardy species; common tomade of this dam because it has become abundantly
sheltered bays and sloughs. It tolerates a great rangedistributed in San Francisco Bay. It will tolerate very
of water and bottom conditions, but is not commonlow salinity and a variety of bottoms. It attains a length
on sand or gravel beaches or in situations where it isof about 3 inches and is reported to be an excellent
exposed to the surf. Weymouth states "It is a hardyfood clam. They are eagerly .dug by Bay Area clam
species, flourishing under conditions speedily fatal toenthusiasts.
many other forms." Sea Mussel: The California sea mussel is taken in fair

Although the bent-nose has been used as a food mol-quantities by clammers. Since it is the species most
lusk, they are generally overlooked by most clammers,commonly associated with mussel poisoning, it deserves
These are the most common shells found in the Indianbrief mention in this connection.
shel! mounds, indicating they were an important foodDuring the summer months, June to September, the
item to the Indians. tiny dinoflagellate Gonyaulax becomes very abundant

Gaper: With the exception of the geoduck, this isin the ocean and forms a substantial part of the diet
the largest species of clam in California. It may reach aof clams and mussels. Contaminated shell fish become
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toxic and if eaten by man may cause serious illness orSince 1930 abalones have been sold chiefly as a sliced
, may even be fatal. The poison causes paralysis, first offrozen product with a limited amount reaching local¯

the extremities, and then the respiratory muscles,markets in the fresh state. They are generally con-
Death, if it occurs is usually due to respiratory failure,sidered a luxury item.
The Department of Public Health issues warnings atAlthough abalones are found all along the coast
t̄he appropriate time each year. Sport clam diggersthey are not equally abundant in all areas. Red
should watch for .and heed these warnings, abalones, one of the most important commercia! spe-

cies, are taken in greatest quantities off San Luis
Obispo County..North of Point Lobos, Monterey

THE ABALONE FISHERY County, abalones in general become decreasingly abun-

Abalones are large gastropods, distant relatives ofdant.

land snails, which inhabit the rocky beaches of theCurrent regulations require commercial interests to
outer coast from high tide to.. considerable depths,fish in depths of 20 feet or more and at least 150 feet
They are found on rocks, to which they cling withoffshore, reserving the shallower waters for sport pur-
great tenacity by means of their broad muscular foot.poses.
They belong to the genus Haliotis.

The Commercial Fishery
Early History

The paucity of data prior to 1915 does not permit
’ The coastal Indians of California utilized abalonesproper evaluation of the early fishery. In 1879, 787,600

for food and prized their beautiful nacre shells; piecespounds of abalone worth $38,880 were recorded. In
of which were used as money. At the time the Span-
iards were seeking the valuable sea otter, they foundthe same year 3,383,500 pounds of shell brought

the Indians willing to barter two pelts for a single$88,82L The 2,600,000 pounds recorded for 1888 was

shell, the largest quantity noted by the author.

.-i. The white man .at first neglected this resource andCatch records since. 1916 are complete and are listed

left it to’ the Chinese, Who: ~ook them. in ffemend0usin Appendix B-2. Landings at San Francisco havebeen
~.qtiantltJes between 1864 and i915. AlthOUgh somevery erratic, with : little or none recOrded from.the
were consumed~ locally, the bulk was dried andyears 1918 to 1934 and again between 1937 and 1942.
shipped tothe Orient. Californians became arousedIn the intervening years the largest quantity recorded
abttit 1900 and obtained legishtion in 1913 whichwas 33,667 pounds in 1936. Since 1943 the landings
p~thibited the drying and exportation of abalones,have been highly variable. In 1945 for instance, 390,310
After these legislative restrictions, the Chinese passedpounds were taken, the modern high for the Area,
out. of the abalone industry, but by then Southernyet in 1947 none were recorded. The landings gener-
California beds were pretty well depleted, ally range from 10,0.00 to 40,000 pounds.
¯ The .Japanese entered the abalone .fishery about 1900Changing legislati0nis partially responsible for the

and worked the waters off Monterey and San Luiserratic nature of the San Francisco landings. The
Obispo counties principally. The introduction of thecoast was closed all along the Bay Area counties in
diving, suit by them made it possible to fish in thesome years, open in other years, and for the past
deeper unexploited waters. They monopolized theseveral years only the area south of Point Lobos, San
fishery until World War II. Francisco County, including the Farallones, has been

The abundance of abalone shells led to a short-livedopen. Abalones are not abundant enough to sustain a
but .prosperous industry in the late 1800’s. It is frommajor commercial fishery north of Monterey County.
these mollusks that much of the supply of nacre orThe state-wide landings reached a million pounds
mother-of-pearl was obtained for the manufacture ofshortly after 1915, and up until World War II aver-
souvenirs, curios, jewelry and. buttons. The industryaged about 2 million pounds annually. The war and
faded shortly after 1915. During the "seventies" anabsence of divers brought about the lowest catch ever
abalone .shell was worth about twice as much as therecorded (164,462 pounds) in 1942, By 1945 landings
meat. were ag~n well over 2 million pounds and since 1950

The first abalone cannery was established at Cayucoshave repeatedly exceeded 4 million pounds of which
in 1905. By 1917 the number had grown to five but1.5 to 2.1 million pounds are.pink abalones from South-
was reduced to three in 1921. The last cannery wasern California. Average catch for the State during the
abandoned in 1931. 1916-5~; period was 2,430,000 pounds.

Caucasians entered the fishery seriously about 1930,The contribution of the Bay Area to the State-wide
confining their efforts to Morro Boy and vicinity,abalone catch is minor.
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. FIGURE 39. Sportsmen ~earchlng for abalones along MaHn County shoreline. Photo courtesy Mar|n County Sportsmen’s Association.

I
The Sport Fishery Of the eight species found in California four are

I Abalones are sought intensively by many people inrepresented in the ocean off Bay Area counties. The

the Bay Area. There is a long open season each yearred abalone (Haliotis rufescens) is the principal species

and ’on a series of minus tides scores of people can bein,.bo~h, the sport and cPmmerci~a! fisheries. The black

found searching the rocks for them. Most of the easilyabalone (i2ialiotis cracberodii) may be fairly common

I ~’ in some locations, while the green(Haliotis voallalensis)accessible locations have been pretty well depleted, but
fair quantifies still exist in the relatively inaccessibleand the Japanese (Haliotis kamtschatkana) abalones

areas north of the Golden Gate. must be considered scarce.

I Particularly popular areas along the Bay Area coastAbalones occupy the intertidal zone from high water
include Pillar Point, Montara, and the Marin Countyto a depth of about 300 feet, though maximum concen-
coast. In some localities north of Stinson Beach abalonetrations are found in depths of 25 to 40 feet. Cox
fishing is excellent for the fortunate few who are able(1958) in his investigation disclosed that abalones are

I to gain access, particularly sedentary. Tagged animals have been found
in the same areas in which they were released two to
three years previous. They do not appear to move

General Information from one depth to another, although short lateral move-! , There have been many technical and popular reportsmerits (parallel to shoreline) may occur. None released
,~ritten on abalones. Edwards (1913) gave a briefin water over 20 feet deep have ever been recovered in
account of the fishery of that time. and some historicalshallower water.

i information. Croker (1931), treated the same subjects
, but more extensively. Thompson (1920), described theSpawning takes place in the spring and summer.

abalones of Northern California and their distributions.There is a free floating stage which is estimated to last
Bonnot (1948), in more detail described seven of thefrom 8 to 10 days before the spat drop to the bottom

I eight species, listed their distribution, and also touchedto assume the adult characteristics. Young abalone are
briefly on their life history, found on the underside of rocks and in dark crevices.

D--019273
D-019273



112 DEPARTMENT OF FISH AND GAM~-

It is thought they are light sensitive. The shell does not THE Nu~RINE BORERS
cover the mantle until they are about 4 inches in diam- also accordedBrief mention might be the marine
eter, a condition which would expose them to numer-borers, which in the past have caused immense eco-ous predators were they not to seek secluded locations,nomic losses through their destruction of wharves,Growth occurs chiefly in the winter. Once they reach pilings, docks and wooden ships.about 4 inches they come out into the open. Any form Three species are known to. occur in San Franciscoof confinement or artificial restraint is usually lethal in Bay. The most. destructive has been Teredo navalis,a short time. a species suspected of being accidentally introduced

Abalones are unable to tolerate polluted conditions,about 1913. Teredo diegensis has been detected, but at
An experiment involving the exchange of unhealthyonly one locality prior to 1927, when the San Fran-
"abalones in the vicinity of a sewage discharge (Los cisco Bay Marine Piling Committee made its~ final
Angdes County) with healthy ones from an uncon- report. Another species, Bankia setaaea, is also very
taminated area was conducted recently by the Depart-destructive of wooden marine structures.
ment of Fish and Game. As might be expected, the The general extent and abundance of these pests and
healthy ones, when placed near the waste discharge the destruction and subsequent economic losses caused
became diseased, while the unhealthy ones recuperatedby them is covered in ~detail in the abov~ mentioned
in the uncontaminated area. report. (Hill and Kofold, 1927)
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THE CRUSTACEAN FISHERIES
THE CRUSTACEAN FAUNA Seven, Panddus jordani, Crago alaskensis elongata, C.

The crustacean fauna of San Francisco Bay and thecommunis, C. resima, C. spinosissima, Eupagurus turgi-

coastal waters off the Bay counties is rich and varieddus and Pinnixa occidentalis, were even taken in 60

in terms of species present, but only a few occur into 68 fathoms in the deepest haul made... The only
species recorded from more than one outside stationmarketable quantities. Crabs have been a major con-    and not taken at-thedeepest is Pagurus oabotensis.

stituent of the San Francisco fishery since 1870 at
"In nearly every case the bottom was composed ofleast. Except for a period between 1911 and 1920,

when the fishery was curtailed by legislative restrie-fine, more or less greenish sand, which at one station

tions, shrimp were a mainstay of the San Francisco... was marked by ’refuse and garbage’ and at only
fishing industry until 1939. Since that time shrimp haveone other.., replaced by a ’very coarse variegated
assumed a rather minor role. Cra[~ landings on the othersand, with a smatl proportion of fine sand.’ At this

hand have more than doubled since I945. last, of the six species recorded from it, Pandalus jot-

Recent knowledge concerning the crustaceans ofdani, Crago alaskensis elongata, C. alba, Pagurus ooho-

the Bay Area has resulted from life history investiga-tensis, Pylopagurus minimus and Paguristes bakeri,
tions of particular species or as incidental irfformationtwo, the third and fifth, were found elsewhere.
arising out of some other specific study such as a"So far as shown by the hydrographic observations
pollution investigation. Thus, there have been no re-made outside, none of the outside species was obtained

cent comprehensive undertakings to determine speciesfrom water having a salinity less than 33.9 (bottom
reading), the highest salinity recorded was 34.3composition or distribution. Schmitt’s (1921) mono- "’"

graph on the marine deeapod erustaeea of the Bay(bottom) . . . the corresponding (bottom) temper-
Area remains the outstanding authority, atures ranged from 9.3 degrees.., to 11.1 degrees C

The more. common crustaceans of the Bay Area are .....
listedin.    . AppendixE.                    ¯ .

:Sehmitt’s~ account, which includes data ~on’ speciesg~irding. their occurrence;. Xcambolithodes bispidus,

in bottom R;andallia ornata, and Oregonia gracilis are not in-composition regardto geographicallocation,’ Cluded in the above discussion.type, .and depth of water is sufficiently applicable at
"2. Of the twenty-three (50%) species taken onlythe present time to be excerpted here. Minor changes

have been made to condense the excerpt, and scientificin the bay, seven are represented only in the shore

names have been changed to cortform to the latestcollections ....

taxonomic works: "Two of these seven are burrowing forms, which,
though not found in company, were taken only from

"... with respect to their local distribution thesandy beaches:
survey species belong to three groups: (I) those taken
only outside [the Golden Gate]; ,(2) those taken onlyEmerita analoga was dug out of the beach skirting

in the Bay; and (3) those taken both in the Bay and’ in the seine .both at Fort Baker and on Angel Is-outside,
land.

"I. The species taken only outside are sixteen (35%)Upogebia pugettensis was obtained both at Sausalito
in number, as follows: and at Tiburon; at the latter placeby means of the

Paruldus jordard Pagudstes bakerl seine.Sp[routocaris graciNs Holopagurus pilosus
Crago alaskensis elongata Pagurus oehotensis The other five are all primarily inhabitants of rocky
Crago aomrn~¢ Pylopagurus minlmus beaches:Crago alba Acambolithodes hispidus
Crago resima Randallla ornata Oedignathus inermis, at Point Bonito.
Crago spino~isgma Oregonla graeills Petrolisthes cinotipes, at Sausalito, and along the
Eupagurus turgidus Pinnlxa ocoidentalis Richmond shore.
"All these are bottomdwellers, and almost without Pagurus samuelis, along the Richmond shore.

exception all returns foreach were from depths of Pacbygrapsus crassipes, on the Presidio shore near
about 30 fathoms or more..Of the species taken at the Fort Point, at Point Bonita, at Sausalito, and on
regular series of stations, specimens of three only wereRed Rock.
found in shoaler water: Crago alaskensis elongata...Hemigrapsus nudus, on the Presidio shore near Fort
Eupagurus turgidus ... and Pagurus ochotensis. OnPoint, at Point Bonita, at Sansalito, north of the
the other hand, all but two, Crago alba and Pylopa- Key Route Pier, along the Richmond shore, and
gurus,..., ranged into 40 or more fathoms of water. Red Rock.

[~]
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"The other sLxteen Bay species grouped on the basisnantly muddy eastern portion of the middle Bay; the
of their distribution within the Bay, arrange themselvesfirst, Pandahts danae, was returned but once from a
as follows: ’variegated mud ... sand and fine gravel’ bottom in

a. Ten, restricted to the middle Bay: this eastern portion, as compared with thirty-two speci-
Pandalus damte Crago ~runit~lla mens from a principally coarse sand, gravel, and stone
Spirontooaris francisoana Pugettia ~roduotus bottom in the western portion of the middle Bay; while
Spirontocaris pdudicola Cancer antennarius the second, Spirontooaris paludicola, was taken but
St~irontocaris brevirostrls Pinnixa littoralis twice in the middle Bay, once in its western portion,Spirontocaris taylori $oleroplax granutata

in the eel grass along the northern shore of Angel
b. One, found only in the middle and lower Bay:Cancer productus Island, and once in its eastern portion, from the algal

c. Five, common to all three divisions of the Bay:
growth in tide pools north of the Standard Oil pier,
Richmond.Callianass~ gigas Pinnixa scbmitti

Pagurus hirmtiusculus Hemigrapsus oregonensis "In lacking a straining apparatus ’for removing fine
Pinnixa franoiscana particles of foreign matter from its respiratory stream

"Excepting the first, third, and ninth, seven of theof water,’ Cancer productus is ill adapted for life on

10 species found only in the middle Bay, inclusive ofmore or less muddy or purely sand bottoms, and al-

shore stations, are restricted wholly to that portionthodgh recorded from the lower Bay and the easterly
lying west of a line drawn across the head of Raccoonsections of the middle Bay, it was taken most fre-

Strait, and from Blunt Point on Angel Island to thequently and abundantly in the western middle Bay,

nearest point on the San Francisco shore, as is to be expected. Here twenty-two specimens were
taken at ten stations, all on primarily gravel or rock

"This limitation of range seems to be closely cor-bottoms, as compared with twelve at seven stations in
related with the character of the bottom, which withinthe easterly parts of the middle and lower Bay, of which
that area is more or less hard, rocky, gravelly, or sandyseveral had more or less hard bottoms, composed
with very little if an~i admixture of mud, exclusive,largely of shells, shell fragments, or clinkers. Aside
of course, of the muddy portion of Richardson’s Bay,from the scarcity of favorable bottom, it is possible
where only two hauls of the boat dredge were madethat the great fluctuations of salinity obtaining in the
and none of the strictly middle Bay species was found,uppe~ Bay may tend to exclude Cancer prodrtctus from

¯ "In addition to being found only on a rocky sub-that division. ’
stratum, Pugettia produotus was always in patches of"As the bottom of the greater part of the Bay is
kelp, or in their immediate vicinity. At Point Bonita,predominantly muddy, it is to be expected that the
Sausalito, and east of Fort Point, .Spirontocaris taylori,five Bay species listed as occurring in all three divi-
another ’hard bottom’ species, was also taken only atsions will show some preference for bottoms of that
localities characterized by an abundant growth of algaecharacter.
along both shores of Golden Gate and in bunches of
seaweed stripped from the piles of the Sausalito Ferry"Callianassa gigas, in view of its burrowing habits,
Building. So far as our observations go, the only otherwould naturally be restricted to the softer bottoms,
middle Bay. species, excepting Spirontocaris paludicolaand it is not surprising that no specimens of this species
mentioned below, the distribution of which may bewere .taken in the western middle Bay. In the eastern
similarly conditioned, is Spirontocari~ bre~irostri~ .formiddle Bay it was dredged at nine stations, in the
although taken near the head of Raccoon Strait on alower Bay at five, and in the upper at three.
bottom characterized simply as ’stones,’ it was also"Pagu~ts hirsutiusculus, although only taken in the
taken at the south side of Golden Gate in companycourse of shore collecting, from rocky shores around
with Spirontocaris taylori, the middle Bay, was dredged from more or less shelly

"Though no doubt exercising a considerable iaflu-bottoms in the predominantly muddy sections of the
ence on the distribution of the Bay species, the effectBay; once in the upper Bay, four times in the lower
of temperature and salinity on these bottom dwellingBay and seven in the eastern middle Bay. Of the other
forms is much more difficult of demonstration andsix stations at which this species was taken, four were
probably less important, at least within this .section,on the more or less hard sandy or rocky bottom of the
than that exerted by the character of bottom. Of thewestern middle Bay, and two in the eel grass patches
species found exclusively in the Bay only three werearound Angel Island, one iri the western, the other
taken with the tow-net, Callianassa gigas, Cancer an-in the eastern middle Bay.
tennarius and Hemigrapsus oregonensis, respectively
two, three, and one specimen each, the latter obviously"Pinnixa franciscana and P. schmitti have practically
an accident, the same range within the Bay, in fact, coincide at

"Of the three middle Bay species, Pandahts danae,three stations. In nearly every case the bottom from
Spirontocaris pahMicola, and Pinnixa littoraIis, not which they were dredged was a more or less sandy
wholly restricted to the portion lying west of the linemud, accompanied in at least two instances by numer-
drawn above, the third was found only in the predomi-ous worm tubes, the probable habitat of both species.
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With the of P. taken from middle and three Iowerexception frandscana a oneupper,eight Baystations,
bottom of ’soft mud, with numerous worm tubes,’ offits distribution was very closely related to that of the
Belvedere Point, in Richardson’s Bay, neither speciespreceding species, Spirontocaris cristata, coinciding
was found in the western middle Bay. with it at five of the stations from which it was re-

"Hemigrapsus oregonensis, as iswell known, shows a
corded and very nearly at the other .nine. Similarly,
too, the greater number of specimens per haul was in

marked preference for muddy bottoms, being espe-favor of the stations made on more or less muddy
cially abundant on mud flats at low tide though takenbottoms.at times in more or less rocky situations in company
with Hemigrapsus nudus. In the predominantly muddy"Crago nigromaculata though lacking in the upper
lower Bay an average of sixteen and eight-tenth speci-Bay, in common with other fairly well distributed
mens per haul was taken at each of sixteen stations,Bay species, seemed to a certain extent also to prefer
while in the middle and upper Bay only one and five-more or less muddy bottoms. Of the nineteen stations
tenths specimens were returned from each of the tworeturning it only two were located on the harder
hauls made in both of those divisions, bottom of the western middle Bay, and only three

"3. Seven (15~) of the survey species were foundon sandybottomsoutside.
both in the Bay and outside: "Crago stylirostris, however, although exceeding the

~pirontocaris cristata Crago ~ranclscoru~n range of Crago nigromaculata both within and outside
Crago nigricauda Cancer magister the Bay, in direct contrast to that species was found
Crago nlgromaoulata Cancer graoilis most frequendy as well .as most abundantly on moreCrago stylirostris

or less hard, sand or sandy bottoms. In the we.stem
"These seven are really Bay species which rangemiddle Bay Crago stylirostris was taken at twenty-

outside as far as the environmental conditions corre-eight dredging stations, in the eastern middle Bay
spond in general to those obtaining in the portions ofat seven, and in the upper and lower bay at only two
the Bay in which they ’range inside. With the excep-each. Outside it was returned at eight stations from
tion of Spirontocaris cristata and Cancer gracilis nonefine, grey, or coarse sand and pebble bottom. At the
of these species was taken outside the 30 fathoms linemore or less muddy eastern middle, upper, and lower
nor, SO far as our records indicate, in water of (bot-Bay stations less than eleven specimens per.haul were
tom) salinity exceeding 34.0. Comprising, on the otherobtained, with one exception at which thirty-three
hand, nearly two-thirds (63~) of the eleven specieswere taken. But of the’outside and western middle
taken at more than ten stations, and all of the fiveBay stations thirty returned more than twelve speci-.
taken at about one-fourth of the dredging stations,mens each; of these eight returned more than thirty-
they should be, and in fact are, fairly well distributedthree, and five more than fifty specimens.
throughout the Bay. Crago nigromaculata is the only "Crago nigricauda and Crago franciscorum are .the.one of them failing of record in the upper Bay. two most widely distributed deeapods in the Bay and

"Spirontocaris cristata was taken only three timesoutside within the 30 fathom line. Both were taken
outside, two specimens at each of two stations, and oneabundantly in all three divisions of the Bay, and the
at a third, in 8~A to 9 fathoms (bot.tom not character-latter was also abundant outside. More or less muddy
ized), ia 9½ to ll~A fathoms (bottom, ’coarse sandbottoms returned the greater number of specimens
and gravel’), and 29 to 36 fathoms (bottom, ’refuseper haul, though otherwise their dlstribudon seemed
and garbage’). In the upper bay, however, Spironto-litde affected by the character of the bottom. Of the
earls cristata was taken at two stations,.., in the mid-two Crago nigricauda is apparently more of a ’bottom
die Bay at thirty-three [.stations] ... and in the lowerdweller,’ for even though taken at seven more dredg-
Bay at twenty-five [stations] ....The lower Bay with ing stations it appeared only about half as often (69
its predominantly muddy bottom seemed to be theout of 137 times) in the catches of the tow-net.
more favored habitat of this species. Here fourteen"C. franciscorum was the only decap0d found in
and four-tenths specimens per dredge haul were re-Suisun Bay, as well as Napa Creek, and probably,
turned as compared with two and two-tenths for thetherefore, can endure water of a lower salinity than
middle Bay and two for the upper Bay. The average
per catch with tow-net was, lower Bay, four and

any .other species listed in connection with the survey,

eight-tenths, middle bay, three and five-tenths, and"Cancer magister, in spite of the fact that it is
upper Bay, one. adapted primarily for living on sandy bottoms, was

"Cancer gracilis, the only other species found in thefound well distributed throughout the region Covered

Bay which ranged beyond the 30 fathom line, wasby the survey though not so abundantly as either of

taken but twice outside, one specimen in 8 to 9 lath-the preceding species. Within the Bay it was actually
oms, on a bottom of ’fine, dark, very clean sand,’taken more often on more or less muddy bottoms, but
and two specimens in 39 to 40 fathoms on ’very finewith very few exceptions all the specimens were very
dark green sand.’ Although taken in the Bay at butmuch undersized. Together with Crago nigricauda and
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C. franciscorum this species is one of the .only threecrab sells for 25 cents in the market on rare occasions,
that were taken at more than three stations in thebut more commonly for 30 or 35 cents."
upper Bay, and together with these two and Hemi-Apparently there was. real cause for concern over
grapsus oregonensis is one of the only four taken atthe condition of the fishery about 1895 because the
any of the upper Bay stations lying north of Pinolelegislature enacted a law prohibiting the taking of
Point. male crabs. In 1903 a closed .season was established

"In general, salinity seems to be the controlling fac-and .a six-inch size limit imposed, which in 1911 was
tot in the separation of the strictly outside speciesincreased to seven inches.
from those found in or ’in and out’ of the Bay, and-The catch according to the available statistics ex-rbaracter of bottom that in the distribution of species
within the Bay. Though so important geographically,maximumCeeded a milliOnreportedPOUndSwas 3,676,680regularly poundsafter I880;in 1899the
the effect of temperature on the local distribution of(Wilcox, 1901).species is not at all evident. Depth, likewise, appar-
ently exerts tittle or no influence on the distributionIn 1913 the "Crab Fisherman’s Protective Associa-
of the survey species: certain species were taken onlytion" was formed. This organization supplied the local
beyond the 30 fathom line and others only in thetrade and each year arbitrated with the dealers to pre-
course of shore collecting, but the relation of thearrange a price agreement for the season. A law passed
former to the salinity outside, and the latter to theirin 1917 at the request of the north state residents,
substratum is too intimate to permit any other expla-forbade the export of Eureka crabs south of Mendo-
nation. That only four decapods are known to occurcino. This combination of circumstances served to up-
in. the upper Bay north of Pinole Point i~ probablyhold crab prices locally and practically restricted the
due to the low salinity there obtaining, for althoughfishery to the Bay Area in spite of the fact that ex-
the annual range of temperature in this division is con-cellent crab grounds extended all along the coast from
siderable it is almost equally great in the more popu-Monterey Bay northward. The San Francisco monop-
lous but much more saline lower Bay." oly was further abetted by the Association’s regulation

forbidding the shipment of crabs outside San Fran-
cisco.                                       ~

THE CRAB FISHERY The San Francisco crab fishery c0ntinu~d to flourish
’ Review of fhe Fishery to 1915 bfit several circumstances came abOut which b~oke the
’ " Association’s hold and resulted in greatly increased

The market crab (Cancer magister), or dungenesslandings from other areas of the coast. In 1938, a
crab as it is called north of California, has been a lead-"picked" crab meat and canning industry was estab-
ing San Francisco fishery product since at least 1870.lished. In the same year a court decision ruled that
At first they were found in good quantity along thecrabs taken outside designated Fish and Game Dis-
South side of the Golden Gate~ and on the Marintriets or the three mile limit (Northern California)County side of the Bay. One of the earliest referencescould be shipp.e.d into the San Francisco area. ThetoCrabs, encountered by the author, is in the I871final obstacle to "opening up" the Eureka fishery wasreport to the State Board ,of .Fish Commissioners .of
the previously n’amed Captaih~Wakeman’ . removed in 1941 when the legislature repealed the
... ~ : . ...... 1917 law which forbade the export of Northern Cali-
He stated: "In some cases nothing but crabs arefornia crabs south of MendocinoCounty.

taken which destroy the nets and irritate the men so
that they are inclined to leave them lie on the beachWeymouth (op. tit.) in discussing the fishery of
to die;..." Weymouth (i916) quoting from an 18801916 stated that about 60,000 dozen crabs were taken

states: "They are taken in immense numbersannually. These were brought to market in sacks con-report
[in the Bay] in seines, together with many shoal watert,~dng two dozen crabs each, which were sorted into
species of fish, yet the supply seems to be undimin-large (averaging 24 lbs. per dozen) and medium (aver-
ished. Three or four g0od-sized crabs sell in the marketaging 20 lbs. per dozen) sizes. The fishermen obtained
at retail for 25 cents." $1.25 to $2..25 per dozen and the consumer was charged

This condition did not persist; for shortly there-25 to 35 cents per crab. About 200 boats were engaged

after, the crab fleet was forced to move outside thein crab fishing at San Franciscb and Sausalito, 35 at
Golden Gate to maintain the fishery. The crabs withinMonterey and few along the north coast. The value of

the Bay were small and inadequate in number. Wey-the boats and nets was placed at $200,000. The crabs
mouth, at the time of his report stated: "No crabshad a wholesale value of $120,000.
could be taken by shore-hauled seines in the localityAccording to Phillips (1935), the San Francisco-
mentioned [south side of Golden Gate], and verySausalito fleet held consistently at 200 to 250 boats
few of marketable size by any method in any part offrom 1918 onward. However, for a brief period
the Bay; profitable fishing is confined to the bar threearound 1921 an apparent scarcity of crabs .led to a re-
or four miles outside the Golden Gate. One goodduction in the number of boats and fishermen.
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Coach Stotistics from 1916 to 1958 The market crab is usually, found on shallow sandy
bottoms. Although occasionally found on rocky or

Commercial catch records from 1916 through 1958shale substrate.and in depths to 90 fathoms they have
are presented in Appendix B-2 and appear graphically
in Figure 23. Landings previous to 1918 appear in TABI.E 07
.Appendix B-4. Between 1916 and 1945 the catch fluc- CRAB FISHING AREA IN SQUARE MILES ~OFtuated ~between 70;000 and 3,800;000 pounds. Until THE CALIFORNIA COAST I
194f the Bay Area regularly accounted for 90 percent 3-Mile
of the total state-wide catch. The catch exceeded five Limit
million pounds .six of the eleven years between 1947 Shore Shore to 100

to 30 to I00 Fathomand 1958. The peak year occurred in 1957 when 8,559,- Coastal Area Fathoms FathomsLine
,912 pounds were taken. Oregon llne to ~Cape Mendocinow ft0 1,200 720

Since 1946, landings in the Eureka region have gen-Cape Mendocino to Pt. Arena~ 160 480 110
erally equalled or exceeded the San Francisco catch.Pt. Arena to ~t. Reyes____~ 160 800 f60

Pt. Reyes to Pescadero Pt .....400 1,200 960The state-wide catch of 19,269,615 pounds in 1957 isPeseadero Pt. to Pt. Pinos_~ lS0400 240the largest in the history of the fishery. Figures 22 and ~ ~
23 graphically depict the comparative catch of crusta-Totals__.__ 1,430 4,080 2,f90
ceans (crab and shrimp) of the State and the Bay Area.~.~t¢~ G. I~. a=k ~na V~l ~o--ot .09403.

The Fishery a decided preference for water between 4 and 15
fathoms. Because of their burrowing habits, the sub-

In California, crabs have been taken by severalstrate must be.loose. When in their burrows only their
methods: first by seines, then crab hoop-nets, gill andstalked eyes and antennules are exposed. Their respira-
trammel nets, and most recently by crab potsor traps,tory mechanism is modified in such a manner as to
Out of San Francisco the hoop net was used almoststrain the course sand particles and the usual amount
exclusively until the development of the crab,pot. Theof sediment found in ~their environment from the cur-
setting and hauling of hoop nets required gr~at~sldll on.... .,, ¯ rent of .water which they maintain. This mechanism
ithe part of the operator since it was necessary to setis inadequate in very silty water or in muddy bottoms.""
~them from a moving boat in a running ride.~Uriless theIf continually exposed to the latter conditions, they’
hauling action was fast and clean the crabs were ableare usually of poor quality. Other species, interestingly
to escape. Bait losses also occurred. The crab pot canenough, are adapted to mud bottoms while still others,
be set and left without entailing these difficulties, foras for instance the rock crabs, are adapted to gravelly
once inside the trap few crabs are able to relocate theor rocky bottoms. Any fine organic wastes would have
funnel through which they entered, much the same effect as muddy or silty water on the

Clark and Bonnot (1940) delved into some detail inmarket crab. :
evaluating the relative densities of crab populationsThe antennules are sense organs by which crabs are
along the California coast, estimating the fishable areasable to detect the slightest odors. Research has shown
in square miles. They concluded that approximat~Iythat even blinded animals are able to detect and locate
400 square miles of good crabbing grounds exist fromfood rapidly. They are primarily, carnivorous, feeding’
shoreline to the 30 fathom contour betw~eti::P0inton fish, shrimp, small crabs, clams, other animals and
Reyes and Pescadero Point of which the San.Franciscoapparently, some carrion.
crab fleet was utilizing only 240 square .miles. FromThroughout their life, crabs, like other crustaceans,Point Reyes to the Oregon line they calculated 1,430periodically shed their carapace, or shell. This process
square miles of crab bottom inside the 30 fathom con-is known as molting and is necessary for growth incre-tour. Their data for other areas and depths are givenment to occur. Molting occurs frequently in young
in Table 37. See also Figure 40 for map of crab fishingcrabs but generally only once a year in adults. While
areas, in the "soft" stage the crab remains buried for the few

days it requires the new shell to calcify; body tissues
Life History Notes swell with water and greatly increase the bulk of the

crab over its original size so that upon hardening there
Because large numbers of immature market crabs areis adequate room for additional growth. Once this

continually present in the Bay and just outside theoccurs growth is limited until the next molt. New
Golden Gate it seems appropriate to give a briefappendages may be regenerated during the molting
resume of the habits and life history of Cancer mug-process. Unlike the blue crab (Caltinectes sapidus) of
ister. However, two other .species, Cancer productusthe East Coast, the market crab is not edible during
and Cancer antennarius, usually referred to as rockthe "soft" phase, or for a month or more afterward.
crabs, reach marketable size and are occasionally in-Mating takes place in late spring or early summer,
cluded in the commerical landings, but the eggs are not laid until the fall months. After

I
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extruding the eggs the female carries them under theBoard of Fish Commissioners Jn their 19th biennial re-
abdomen and on appendages to which they are at-port (1905-06) reported there were 50 boats in the
tached by a fine adhesive thread. Here they are con-fishery in 1885-86. By 1898 the number was reduced
stantly aerated by the movement of the appendagesto 33. The principal fishing grounds as of 1888-89 are
and protected by the broad tail flap. A single femaleshown in Figure 7.
may lay in excess of 2,500,000 eggs. Hatching occursThe local demand for bay shrimp not being great,
in late winter or early spring, the bulk was dried and exported to China.

Newly hatched larvae are at first free-swimmingChinese shrimp camps were established at various
shrimp-like creatures. During the first few months oflocations around San Francisco Bay. There was also
life they grow rapidly and change in form. Tremen-one at Tomales Bay, but it was abandoned during the
dous numbers of the megalops, or larvae, are consumed1890’s. In 1897 there were 26 camps around San Fran-
by fish such as salmon. They are positively photo-cisco Bay. The number was further reduced to 19 by
tropic, and immense swarms of. the tiny creatures may1910. Of these, three were located in the cove just
appear inshore during May or June in particularlynorth of South San Francisco, five at Hunter’s Point,
t:avorable reproductive years. The young settle to thefour Red Rock and Point Sannear sevennear Pedro,
bottom in early summer by which time they haveMatin County. Since each camp had its own iunk,
assumed the appearance of the adult, just about onethere were also 19 boats in the fishery.year from the time mating occurred.

At the end of the first year after becoming a bottomThe fishing grounds at this time were located off
Alameda County east of Point San Bruno, and southdweller they attain about 1.5 inches in width; at the
of the Alameda mole; south of Hunter’s Point; northend of two years, 4 inches. By this time most are sex’u-
of Red Rock; and south of Point San Pedro and east-ally mature. After maturity is reached the males growward to Contra Costa County. Five of the camps atmore rapidly than females and may attain 9 inches orPoint San Pedro fished on the "Petaluma flats" offmore in width, while females seldom exceed 6.5 inches.Matin County.The males generally reach the legal commercial size

of 7 inches between the fourth and fifth year. According to Scofield (1919) there were 1,000
Immature market crabs are found in abundance theshrimp nets in operation throughout the Bay in 1910.

year around in San Francisco and San Pablo bays.All did not go well in the shrimp fishery however.
They seasonally migrate toward the freshwater inletsThe earliest signs of trouble appeared in 1871 when
of the bays in tremendous numbers with the summerCaptain Wakeman in his report to the Fish Commis~
intrusion of saltwater. They formerly were found assioners remarked on the young fish taken in the shrimp
far upstream as Pitt, burg but since controlled fresh-nets. By 1885 the sentiment of the local citizenry was
water flows from upstream dams have been main-turned against the destructive method of fishing em-
tained, their upstream limit has been restricted tO theployed by the Chinese. Tremendous quantities of juve-
vicinity of Carquinez Strait. Freshwater is quicklynile commercial fish were destroyed and the feeling at
fatal to crabs, the time was that the shrimp were also being depleted.

There is a worthwhile need to investigate the ma-By 1901 there was sufficient support to bring about
turity of these small crabs to find out if growth tolegislation which imposed a closed season during the

normal size occurs, to determine if they undertakemonths of May, June, July and August. The Chinese

seaward migrations, and in general to determine thefought this law all the way through the United States

relationship between them and the adult crabs off-Supreme Court without success.
shore. Adults Of commercial size are infrequently oh-In 1905 they were successful in getting the closed
served, however, this is partly due to the lack ofseason repealed but lost to legislation which prohibited
concerted effort to find them. the export of dried shrimp. This resulted in the loss of

the foreign Chinese market and effectively curtailed

THE SHRIMP FISHI-’R¥
fishing activities. In 1909 they were again curtailed by
a closed season during the months of June, July and

Early History August, and in 1911 the shrimp net was prohibited.
The first commercial shrimp enterprise in CaliforniaThe severity of these restrictions and the apparently

was begun by Italian seine fishermen in San Franciscodepleted condition of the beds made it virtually impos-
Bay in 1869. Their catch was small and was disposed ofsible to obtain shrimp in commercial quantities by any
in local freshfish markets. In 1871 the Chinese enteredof the permissible methods.
the fisherj and employed the shrimp net, a tide-oper-The Frank Spenger Company introduced the shrimp
ated type of gear traditionally used in China. This net
was extremely" efficient in comparison to seines andtrawl in t914. In 1915 the legislature legalized the use

the Chinese promptly put the Italian fishermen andof Chinese shrimp nets in the South Bay where the

their fleet of 8 boats out of business, loss of fishlife was minimal. The law prohibiting the
Scofield (1954) estimated that in 1875 there wereexportation of dried shrimps was repealed in 1919 but

1,500 Chinese engaged in fishing. The State another law made it illegal to dry more than one-shrimp any

D--01 9283
D-019283



i
122                            DEPARTMENT OF FISH A~cn GAME

!

I

1
~~ Po/X~~ ~

i

1PI@U~ ~1

ha~ of ~y one catch. With thee changes ~e s~pCatch Statiaics l
Asher7 made a good r~co~e~. I

As ~e passed the number of c~ps was reduced T~ee species of bay s~1mp ~e r~pr~red h
but ~endally the same system and methods of fis~gcatch: Crago ~r~ciscor~, Crago ni~i~auda and

have prevailed up to the present ~e. As of 1930, theCrago macrqni~ia~da, the foyer consfi~fing the

camps varied from a ~o-m~ outfit operating 20 ne~bulk of the landings. At 6mes, however, C. nigricauda

to an eight-man camp rising 50 ne~. S~p ne~may comprise 50 percent or more of ~e catch in cer-

were lawful only ~ the South Bay, while the ~awlst~n locales. C. macroni~ica~a is a comparatively

operated in the North Bay. Bonnot (I932) fisted’theminor speci~.

organizations operating in e.ach.pa~ of the B~y in 1930As was the case of the other fisheri~, data on
and the numbers of boats and nets belong~g to each.the amount and value of landings are q~te li~ted
Thee totaled 12 compares, 504 ne~, !6 boa~ and5’3

aqd �0~c~g prior to 1915. Captain Wakeman MImea in ~he So~h Bay, and 2 c0mpa~es, 38 neB, 19 ~s ~epo~ ~o: ~he Fish Crmlmiss(O~erS in I87i 1
boa~, a~d 19 men in the Noah Bay. Th~ ma~n s~imp- tha~ thousaa~s, of tons of s~mp were seat ~o Ch~m.

hg ground in the Soa~h Bay w~ located no~heas~ of JoMa~ (!887) estimated ~h~ catch a~ 250,000 pounds
~umer’s Poi~t~ where a~ l~ 2~ b~ds w~re wor~d, for ~he 1879-80 season~ however, ~here is e~idence 1
(Sea Figure ~I for map.) ¯ ~o h~c~re rh~r perhaps two or more m~oa pouads 1

By-pmdac~ of the shrimp ind~y included s~mp per year were ~ken in the hr~ 70’s. From 1882 ro
meal, composed of the grand shells and ~as~es, fer- 1892 ~he ~rcb apparendy levd~d off a~ abou~ ~ m~- 1
~er cad a~mal feeds. ~on pounds, accordhg ~o repo~ of the U. S. 1
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I missioner of Fish and Fisheries and the State Board ofLife History Notes
Fish Commissioners. For the period 1892-1915, data
were found for only two years, 1899 and 1908, whenKnowledge concerning the life and habits of bay

I 4,047,186 and 979,000 pounds respectively were landedshrimps is extremely meager. A study is now in prog-
(Appendix B-4). Scofield (1910 and 1919) stated thattess by the California Academy of Science, but here-
shrimp nets were taking 10 million pounds a year, in-tofore the only investigation of consequence was that
cluding small fish which he estimated to vary fromof Israel (1936).

I 20 to 50 percent of the individual catches. AssumingExcept for chronological differences the habits and
an average of 35 percent for fish, this would mean thatlife histories of the three species of bay shrimps are
the annual shrimp landings from 1895 to 1910 wereessentially the same. According to Israel the breeding

-tm on the order of 6,500,000 pounds. The legislative prob-season for Crago [ranoiscorum extends from Decem-

| lems previously discussed resulted in a tremendotasbet through May or June but some oviferous (egg
reduction in the catch thereafter, bearing) females have been found in some locality at

all seasons of the year. The females carry the eggs

I Accurate records of the yearly shrimp landings areon the abdomen or appendages as in the case of crabs.known from 1915 onward. They are recorded in Ap-The "Petaluma Fiats" in particular show a large per-pendix B-2 and Figure 22. With the removal of restric-centage of oviferous .females the year-around. In thetions, the catch increased at a rate of 100,000 to 200,000North Bay off San Quentin egg-bearing females were

I pounds per year between 1916 and 1924 from an initialtaken principally from August to December, and off400,000 pounds in 1916 to more than 1,500,000 poundsSouthampton chiefly during April to June. In thein 1924. The catch went over 3 million pounds in 1929.South Bay oviferous females are found in the spring.

I From 1930 to 1936 the catch fluctuated about the 2’ Each species moves toward the ocean as the spawh-million pound level, after which it gradually decreased,ing season approaches, the eggs being hatched in
Shrimp dropped below the million pound mark inhighly saline water. Newly hatched free-swimming
1941 and did not exceed that amount until 1952.larvae are planktonic. As they metamorphose they

i Throughout this period the Bay Area produced almostgradually assume .the appearance of shrimp. The post
the entre shrimp catch, larval stage is reached at a length of about 7 millimeters

ReSearch in the. Bay has been limited, thus there(about sA inch) after Which they settle tothe bottom.

I is" very little recent scientific Jnformati0n concerningonce this stage is attainedthetiny shrimp move to-
ward. shallower water of reduced salinity. They aresuch commercial species as shrimp. Nevertheless, since
found in greatest quantity at depths of less than 15there is scarcely any shrimp fishing in the South Bayfeet on shell or mud bottom, the latter being pre-

i at the present time, it may be concluded that theseferred. As they grow, they gradually move into deeper
beds are less productive than those in the North Bay.water so that there is a distinct graduation to pro-
The beds off Hunter’s Point for instance are not util-gressively larger shrimp with increasing water depths.
ized at all. The main fishery is now located in theThe females which grow faster than males may at-
vicinity of San Rafae!. While it seems reasonable totain 25 size. All threea percentlarger speciesmature
assume that the shrimp population is below formerat ,or near.the end of their ~rst year at which time
levels of abundance, it also appears that the resourcethey are about two inches in length.

I could withstand greater exploitation than it currentlyCrago nigrocauda breeds chiefly from April through
receives. September as opposed to the December-May period of

It is difficult to speculate upon the potential or pres-C. frcmaiscorum.
ent status of the bay shrimp resources. Definite knowl-C. franciscorum is presumably the most tolerant of
edge of the abundance and distribution of shrimp infreshwater, since Israel found it far up into the Delta
the Bay is lacking. Commercial interests apparently(15 miles below Stockton), while the extreme upper
cannot expand operations profitably because of thelimit for C. nigrioauda was found to be Suisun Bay,
high cost of labor involved in Present and then only in the fall with the intrusion of salt-processing.
operators restrict their activities to known beds andwater. Furthermore, from San Quentin, where both
only remove those amounts which return a reasonablespecies are well represented, C. nigricauda becomes

i profit. Consumers apparently have not expressed suffi-most abundant toward the ocean while C. francis-
’ corum becomes most abundant toward the inland or

cient demand for bay shrimps at the present pricefreshwater parts of the Bay.
level to warrant an expansion of the fishery. If in the

~i    future cheaper processing techniques are brought into
| the trade, as for instance shrimp peelers, there may OTHER CRUSTACEANS

be a consequent reduction in costs and an enlargedThe foregoing discussion was concerned chiefly
market which would, of course, call for an expansionwith the commercially important varieties of crustaceaI of the industry, in the San Francisco Bay Area. There others whichare
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enter the commercial fishery in minor proportions, andFreshwater Crayfish
a great many which serve in an important capacity asFreshwater crayfishes of the sloughs, creeks and
forage for the food and game fishes of the Bay.

As a result of explorations by marine biologists ofrivers throughout the region are preferred forage for

the Department of Fish and Game, in 1952 an oceanlarge and smallmouth black bass, particularly the latter,

shrimp .resource was uncovered. The discovery of bedsand are known to be utilized by rainbow, steelhead
of Pandalus ~ordani, P. danae, P. platyceros and P. byp-. and brown trout. There are several native and intro-
sinotus in several areas along the coast has opened upduced species.
a major new ocean shrimp and prawn industry. How-
ever, only a minor part of the catch is taken and landedProcambarus clarkii was imported from the Midwest

within the Bay Area because they are not abundantat least as early as 1925 and this crayfish is now pretty
enough locally to support a firm commercial fishery,well distributed throughout the freshwater environs

The small crustacean (Neo~nysis ~nercedis), not con-of the Bay Area. It is mechanically destructive to dikes
sidered in the above discussion, is seasonally present inand levee but furnishes valuable forage for many of
tremendous quantities for a considerable distance intoour freshwater species of fish.
the Delta..It is a major constituent in the diet of smallThe native Paoifastacus klamathensis and Paoifas-
striped bass. tutus leniusculus have been .exploited for the commer-

The small shore crab (Hemigrapsus pregonensis)iscial market as "ecrevisse." The latter species was
an importantforage item in the diet of white sturgeonbrought into California specifically for culinary put-
and presumably for many other species as well.

It is only logical that a large proportion of the crabposes and as biological material.

and shrimp-like crustaceans constitute staple dietaryPaoifastaous nigrescens was reported from the Bay
items of the food and game fishes of the Bay. Area many years ago, but not recently.

A rather interesting industry, involving the collec-Bonnot (1930) states that crayfish have not figured
don, drying and packaging of brine shrimp (Artemiaextensivdy in a commercial capacity because of the
salina) has developed in the Bay Area in association
with the salt industry. These tiny creatures are excep-lack of a market and their relative scarcity. When they

tionally tolerant of high salinity, .and do well in thewere in demand, San Francisco was the largest outlet
saltwater evaporation ponds. The eggs are easilyon the Pacific Coast. The principal sources of supply
shipped since they are resistant to freezing and desic-were reported to be Coyote Creek near San Jose and
cation. The shrimp are hatched and used as tropicalthe Russian River. Currently, excellent catches of
fish food by aquarists, large crayfish (P. leniztscuIzts) are made in the Delta.

D--01 9286
D-019286



I
F~s~ ~D VC~L~U~ RESOU~C~S~ Sx~ F~c~sco ~AY AREA                  1~

I                                                                 CRUSTACEAN FISHERIES REFERENCES
Bonnot, Paul Phillips, J. B.

i 1930 Crayfish 193f The Crab Fishery of California
California Fish and Game, Vol. 16, No. 3, Pp. 212-216 California Fish and Game, Vol. 21, No. 1, Pp. 38-60

1932 The California Shrimp Industry 1939 The Market Crab of California and its Close Relatives
California Fish and Game, Fish Bulletin No. 38 California Fish and Game, Vol. 2f, No. 1, Pp. 18-29

California State Board of Fish ’Commissioners Raymont, J. E. G.

I Biennial Report for the years 1893-94, P. 89 195$ The Fauna of an Intertidal Mudflat
Ibid 1901-02, Pp. 22-24, 26 Papers in Marine Biology and Oceanography. Supple-

1903-04, Pp. 38-40 meat to Vol. 3 of Deep Sea Research Pp. 178-203
190~-06, Pp. ~2-f6 Ricketts, E. and Jack" Calvin (Revised by Joel Hedgepeth)

I 1909-10, Pp. 42-44 19~2 Between Pacific Tides
1914-16, Pp. 91-92 Stanford University Press, 502 Pp. Illustrated XIII

Chute, George Roger                                     Riegel, J. A.
1929 The Crab Fishery of Monterey Bay, California              1959 The Systematlcs and Distribution of Crayfish in Cali-

I California Fish and Game, Vol. lf, No. 1, Pp. 28-33 fornia, California Fish and Game, Vol. 4f, No. 1, Pp.
Clark, G. H. and Paul Bonnot 29-50

1940 The Utilization of the California Crab Resource Schmitt, Waldo L.
California Fish and Game, Vol. 26, No. 4, Pp. 374-380 1921 The Marine Decapod Crustacea of CaLifornia

University of California Publications in Zoology, Vol.I Cleaver, Fred 23,470 Pp.
1947 Life History and Habits of the Commercial Crab,

Canoer magister Seofield, N. B.
State of Washington Department of Fisheries, 4 Pp.1919 Shrimp Fisheries of California

i nfimeographed California Fish and Game, Vol. f, No. 1, Pp. 1-12
’ Weymouth, Frank W.

Israel, Hugh R. 1916 Contributions to the Life History of the Pacific Coast
1936 A contribution to.ward the Life Histories of Two Call- Edible Crab

fornia Shrimps, Crago [ranoisoorum (Stimpson) and California Fish and Game, Vol. 2, No. 1, Pp. 22-27

i Crago nigrioauda (Stimpson) 1919 Note on the Habits and Use of the Small Sand Crab
California Department of Fish and Game, Fish Bulletin (Emerita cmaloga)
No. 46                                                    California Fish and Game, Vol. ~, No. 4, Pp. 179-180

Kimsey, J. Bruce and Leonard O. Fisk "                         1920 The Pacific Edible Crab and its Near Relatives

i 19J4 Crayfish in California California Fish and Game, Vol. 6, No. 1, Pp. 7-10
California Fish and Game, Inland Fisheries Branch         Wilcox, William A.
Information Leaflet No. 1, 4 Pp. illustrated                 1901 Notes on the Fisheries of the Pacific Coast

Light, S.F.                                                    U.S. Commission of Fish and Fisheries Report for 1899

I 1957 Intertidal Invertebrates of the Central California CoastWilson, Robert C.
(Revised)                                            1948 A Review of the Southern California Spiny Lobster
University of California Press, Berkeley ’and Los Fishery
Angeles, 466 Pp. XIV, illustrated. California Fish and Game, Vol. 34, No. 2, Pp. 71-80

!

D--01 9287
D-019287



I
THE FRESHWATER FISH AND FISHERIES OF

1 THE SAN FRANCISCO BAY AREA

1 HISTORICAL REVIEW water angling in the Bay Area. The more common
1 freshwater fish species are listed in Appendix F-1. Ini-

~ The freshwater fish fauna of the San Francisco Baytial introductions of selected species now occurring in
Area is quite varied and supports a large angling popu-~the Bay Area are given in Appendix F-2.
lation. This was not always so, however; the area orig-About 1884 the State Board of Fish Commissioners
inally was deficienv in natural lakes and warmwaterwas concerned about the vanishing Sacramento perch.
streams and the many varieties of so-called warmwaterThe species was disappearing at an. alarming rate, pre-

I or spiny-rayed gamefish. The only native warmwa-sumably because of overfishing and reclamation. More
ter gamefish found here was the Sacramento perch.recently, the introduction Ofralienspeeie~.also rhas been
(Archoplites interruptus), blamed for the perch scarcity.

i Salmonids on the other hand inhabited virtuallySacramento perch and .several non-game varieties
every stream. Native populations of rainbow troutfound their way into the San Francisco commercial
(Salmo gairdneri) were found in most streams withtrade to some extent before 1870. They were obtained
a year-ar0und supply of cooi water. Silver salmon andby seining in the Delta, in the 16wet reaches of the

I steelhead also favored the cooler waters and utilizeddyers tributary to the Delta, and in Clear Lake, Lake
many of the intermittent streams for spawning. County.

Salmonids as a group have always been particularlyThe largemouth and smallmouth basses (Microp-

1 favored both for food and sport and even in the earlyterns salmoides and Mioropterus dolomieui) respec-
days of San Francisco were heavily exploited, by an-tively; both highly esteemed as food and gamefish in

1
glers. Besides angling they were taken.by.spears, traps,the.East :.and Midwest, were among .the first varieties r. .:(
weirs, explosives and any other available means, br0ugbit to California. They were brought out by

’ Livingston Stone in i874 and stocked in Alameda¯
I As the population of the .Bay Area increased be-Creek and the Napa River. By 1890, most of the suit-

tween 1850 and 1890, the local redwood forests wereable lakes and streams in the Bay Area were well
timbered off? and public water supplies were devel-stocked with them.1 oped. Coastal streams suffered from pollution by saw-The white catfish (Ictalurus tutus) and brown
dust,, grist, and siltation. The streams were obstructedbullhead (Iotalurus nebulosus) were introduced by
by log jams and were dammed to form water supplyStone in 1874. Panfish and .crappies were first intro-l reservoirs and to harness their energy for the operationduced between 1890 and 1891 into Southern California
of sawmills and flour mills. Records of the Fish andand made their’Way to Bay Area waters through later
Game Commission relating to this .early. period indi-transplantations, r " ~

cute the local salmonid fisheries suffered a severeWhite catfish and brown bullheads increased at such

i setback.
It is of passing interest to note that the first hatcl~ery

a prolific rate that they supported a substantial com-
mercial fishery from the turn of the century until

and fish cultural station in California was established1953 when the fishery was abolished by the legisla-
on the grounds of the University of California atture. Most of the catch, though landed at Pittsburg,
Berkeley in 1869. The station, operated by "The Cali-was made in the Delta. Special fyke nets were em- ’
fornia Acclimatization Society", and operated underployed.
the supervision of Mr. J. G. Woodbury, sold the fishOther freshwater species entering the commercial

I to the State Fish Commission. catch included carp (CTprinus carpio), which were
Immediately after the legislature established thefirst introdi~ced from Europe in 1872, and the native

State Board of Fish Commissioners (1870) this bodyhardhead (Mylopbarodon conocephalus), squawtish
set about to import prominent gamefish species of the(Ptahocbeilus grandls), splittail (Pogoniabcbys macro-l̄ ,East ~and Midwest. The black basses, panfishes (greenlepidotus), and Sacramento blackfish, (OrtbodOn mi-

¯ sunfish, bluegills, etc.) ca~shes, perches, and easterncrolepidotus). For the most part the latter species were
brook and brown trout were among the freshwatertaken incidental to shad and salmon by the Pittsburg

~l varieties introduced. Most of them did extremely wellfleet and landed at either Pittsburg or San Francisco.

1 in their new environment. As a matter of fact, theThe Department of Fish and Game issues special per-
introduced species now sustain virtually all warm-mits to commercial operators to fish for some of these

I [ ~ZT]
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species in certain inland waters infested with them.the latter indicates angler preference and the relative
The quantity taken each year through I958 is shownproportion of ~nglers fishing for selected species in
in Appendix B-2 under the heading "CommercialRegion 3 as compared with the rest of the State.
Freshwater Fisheries". Catfish landings are shown un-The number of anglers residing in the region was
der the same heading. The fishery was discussedestimated at 307,000 and 323,000 in 1951 and 1953,
briefly in the commercial fisheries’ section of this re-respectively. Tiffs represented 29.7 and 27.0 percent
port. of all licensed anglers in those years.

Lack of data makes it impossible to evaluate the
freshwater sport fisheries of the .past. Sport fishery CLASSIFICATION OF FISHERIES
surveys and censuses are of recent origin, and even
these encompass but a small proportion of the fisheries.In general, the warmwater fisheries have been ex-

panded through construction of water storage reset-
ANGLING PRESSURE voirs, while stream habitat, supporting salmon, steel-

head, and resident trout has decreased because of water
General information concerning angling in the re-development.

gion, as compared to the state as a whole, is available
from postal card surveys: Calhoun (1953), SkinnerThe continued growth of the Bay Area has resulted

(1955) and Ryan (1959). It was estimated on the ~in a steady increase in storage reservoirs for muni~ipaI
and industrial water supply and irrigation purposesbasis of these surveys that approximately 30 percent

of the State’s angling population resided in the Depart-until there are now more than 50 of them distributed
ment of Fish and Game’s Administrative Region 3, athroughout the nine Bay Area counties. As a conse-

considerably larger area than that encompassed by thisquence, there has been a steady increase in lacustrine

report. (See Figure 3 and Figure 5.) habitat and fisheries. Most reservoirs are best suited

The catch of trout, river salmon and steelhead into warmwater species, but a few, those too cool or

this Region is on the order of ten, nine and seventeenfluctuating to support a good warmwater population,

percent, respectively, of the state-wide totals for theseare often managed as trout lakes. Regardless of the
species. Black bass, catfish and panfish each representtype of fishery, all are potentially valuable recreational
20 to 25 percent of the state-wide totals as judgedareas. Unfortunately many of the reservoirs used for
from the postal surveys. The catch by species anddomestic water supply are not open to .the public for
percentage contributed to the state-wide catch .offishing or recreation.
each is shown for Region 3 in Table 38, for five differ-Warmwater species, once’stocked in a suitable en-
ent years between 1951 and 1957. The percentage ofvironment, are usually able to maintain themselves,
anglers catching the above species in Region 3 isthus rarely necessitating restocking. Frequently, the
shown in Table 39. Table 38 gives an indication offish become too abundant for the available food supply
the species contribution to the state-wide totals, whilecausing stunted fish. Such fish, though only a few

TABLE 38

ESTIMATED CATCH OF SELECTED GAMEFISH SPECIES BY ANGLING IN
SAN FRANCISCO ADMINISTRATIVE REGION 1

Trout Black Bass Catfish Panfish River Salmon Steelhead Striped Bass
1951 ..............1,767,000 (9.9)z170,000 (13.5) 709,000 (16.5) 770,000 (52.0)
1953 .........1,840,000 (8.8) 540,000 (24.6) 920,000 (14.9) 15,000 (7.4) 34,000 (12.9) 730,000 (54.5)
1954............993,000 (3.7) 486,000 (20.8) 1,713,000 (25.9) 1,648,000 (1L0) 14,000 (7.0) 75,000 (18.3) 747,000 (65.9)

1956 ..........1,983,000 (7.4) 326,000 (12.7) 1,511,000 (22.8)2,319,000 (22.2) 18,000 (8.7) 64,000 (I7.8) 406,000 (46.5)
1957 4,562,000 (14,6) 681,000 (28.5) 3,020,000 (36.3) 2,768,000 (34.4) 25,000 (12.8) 110,000 (20.5) 1,087,000 (60.1)
XData ~iom l~ost~ s~ey estimates, Calhoun (1953), Skinne~ (1955) and Ryan (1959).
s The figures in parentheses are percentages o£ statewlde totals of each species for the year cited.

TABLE 29 inches in length, are capable of :reproducing, thus fur-
PERCENTAGE OF ALL CALIFORNIA ANGLING LICENSEES ther aggravating the situation. Lakes in which this

REPORTED HAVING CAUGHT SELECTED SPECIES IN :condition occurs are sometimes chemically treated to
THE SAN FRANCISCO ADMINISTRATIVE REGION 3 eradicate the stunted population and are then restocked

1951 1953 with a new or different broodstock combination.

Trout ........................................10.8 9.3 Lakes which become infested with carp and other
Blackbasses ......................................I9.7 21.6 undesirable species which compete with game species
Ca~sh....................................................22.9 16.2 are similarly treated and restocked.
Panfish ............................................16.3. 22.3 The Department of Fish and Game maintains an
Striped Bass ..........................................47.6 48.7
"River Salmon _ 17.3 active program of stocking catchable-size, (7-inch),
Steelhead ~ 32.6 or, in some cases, subcatchable-size or fingerling trout,

i
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in streams and reservoirs suited to this type of man-redreational areas, which are not now open to the
agement. In I957, for instance, the scheduled allotmentpublic.
for the Bay Area included 381,000 catchable-size rain-Trout Streams: This category includes most of the
bow trout, 1,400,000 subcatchables, and 50,000 easterncooler freshwater streams capable of sustaining wild
brook trout fingerlings, or catcbable trout. Many are heavily stocked ~itb

Usually trout streams near population centers arecatcbable rainbow trout and thus provide an easily
subjected to heavy angling pressure and are stockedaccessible source of angling near the metropolitan
regularly, provided the habitat is satisfactory and theareas. Many of these streams support resident popula-
return to the creel is reasonable. Numerous streams,tions of rainbow trout, steelbead, silver sahnon, and
too remote to be fished heavily, are stocked infre-frequently brown trout. Most streams in this category
quently or not at all. Although such streams individ-are utilized in by silver salmon, steel-some capacity
ually support relatively minor t.rout or steelhead p0pu-head, or trout for natural propagation. Smaller tribu-
lations, it is possible that they collectively shouldertaries of an intermittent character may require fish
much of the trout and steelhead angling pressure insalvage operations by Fish and Game crews when they
the region. Their individual and minor character,dry up.
however, makes them difficult or impractical to census
and evaluate. Warmwater Lal~es: Reservoirs which seasonally be-

In a previous section of the report, it was showncome too warm for trout may support excellent popu-
that juvenile silver salmon and steelhead contributelations of black bass, crappie, panfish or catfish, if a
substantially to angling in the Bay Area. Anglers fre-minimum pool is provided. There are a nmnber of
quenfly confuse these species with resident trout.. these in the Bay counties, especially in Santa Clara,

Many streams and lakes are not conducive to naturalNapa and Solano counties. These lakes may support
reproduction of game species, but nevertheless areheavy annual fishing pressure. After an initial stookh~g,
valuable to the angling public. Thus, cool or flucthat-they are normally maintained through natural propa-
ing water-supply reservoirs which will not provide aaction. Many impoundments suitable for ¢varmwater

be stocked with fishing~are public water supplies not open to anglingsatisfactory warmwaterfisherycan
trout and provide excellent angling, even though suchat tbistime.
habitat is not suitable for natural trout propagationWarmwater Streams: Streams under this heading usu-
because most trout require the cool running water ofally get~:~too warm in the summer and fall to sustain
streams for spawning. Trout populations in,~heavilymost trout, although brocmz trout may occur in some
fished streams often cannot maintain suffici~nrAevelsof them; The fish population may consist o~ any corn-
of abundance through natural propagation arid~.r.equirebination of small-re.curb black bass, crappie, catfish,
supplemental stocks of fish. panfish, and rougbfish. Angling on thesepressure

Many of the freshwater lakes and streams of the .....:::~aters is usually light to moderate.
Bay Area are located on, or flow through tracts ofMiscellaneous Waters~ The waters in this category are
private land. Since most of them have not been openhighly variable and generally without a specific man-
to the angling public, there has been little occasion to
survey or stock them. Many of these streams supportagement progrcon. They may contain either sahnonid,

populations of resident trout and are spawning tribu-
~a~nvoater or brackish v:ater species. In some cases,
there may. be a minor seasonal fishery for trout or
steelhead, others, perhaps, a sparsely popu-tariesforsteelhead. in utilized

As a means of outlining the freshwater fisheries oflation of ~warm,water fishes. Angling pressure may vary
the San Francisco Bay Area, a county-by-county tabu-greatly.
ladon of the more important waters in each is provided.

In general, the freshwater fisheries fall into the fiveThree distinct habitat zones are usually evident in
the larger tributaries of the Bay. These zones are osten-arbitrary categories listed in Table 40, and describedsibly the result of variable salinity and temperaturebelow, conditions.

Trout Lakes: These are in most cases water-storage Headwaters of the streams are usually pure and cold
reservoirs or other suitable impoundments under De-since they are fed primarily by winter runoff or
partment of Fish and Game management for trout springs. Such waters are especially suitable for trout
stocking. A policy of the Fish and Game Commission and other salmonids. At medium and low elevations,
pro~des that catcbable-size trout be stocked only inair temperatures are usually much higher and stream
those ¢waters where a reasonably high (about YO per-flows modified to the extent that the water becomes
cent) percentage return o~ stocked fish may be ex-progressively warmer as it flows downstream.
petted. Normally, the suggested retzern can only be At some point the stream usually becomes more suit-
met under very intense angling pressures. Naturalable for warmwater fishes than salmonids. Near the
trout propagation in these lakes is generally lacking, mouth, which is very near sea level, the water becomes
There are a number of water supply reservoirs in thebrackish to saline and the species which inhabit it are
Bay Area with excellent potential as trout lakes and either marine or unique to brackish conditions. Brack-
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TABtE 40

TABULATION OF FISHING WATERS IN THE SAN FRANCISCO BAY AREA

County Trout Lakes Trout Streams Warmwater I.;akes Warmwater Streams Miscellaneous

Alameda .......None San Lorenzo Creek Temescal Lake San Lorenzo Creek Calaveras Creek
Alameda Creek Calaveras Reservoir Alameda Creek Lake Merfitt
Arroyo Mocho Creek Lake Chabot Calaveras Creek
Arroyo las Posltas San Leandro Reservoir
San Leandro Creek
Arroyo del Valle
Arroyo de la Laguna

~ontra Costa._. None Inadequate data to spe-San Pablo Reservoir~ Castro Creek Castro Creek
cifically isolate trout Marfinez ReservolrI San Pablo Creek Pinole Creek
streams LaFayette ReservolrI Walnut Creek San Pablo Creek

Mallard Reservoirz San Ramon Creek
Tassajara Creek
LaFa~;ette Creek
Pacheco Creek
Walnut Creek
Alamo Creek
Pine Creek
Sycamore Creek
Bear Creek

.Viarin ......... Alpine Lake Olema Creek Novato Reservolr Novato Creek Novato Creek
Phoenix Lake Pine Gulch Creek Rush Creek
Lagunitas Lake Papermill (Lagunitas) Galllnas Creek
Bon Tempe Lake Creek Crystal Lake
Rodeo Lagoon Arroyo Nicaslo Bass Lake
Kent Lake San Antonio Pelican Lake

Abbott’s Lagoon

.~apa .........None Dry Creek Corm VaIiey Lake Napa Ri~er Leoma Lakes
Redwood Creek (Lake Hennessey) Conn Creek Soda Creek
Corm Creek Rector ReservoiP Moore Creek

Curry Lake~ Mill Creek
,[ Milliken Reservoir1 Napa River

Napa Slough

~an Frandsco__ Lake Merced None Stowe Lake None None

~an Mateo ..... Pilarcltos Lake San Pedro Creek San Andreas Lake~ San Franc~squlto CreekAlpine Creek
Higgins Creek Reservoh Tunitas Creek Crystal Springs Reser- E1Corte de Madera

U~:l~eBean Hollow,
Denn]ston Creek volt Creek
Pufisslma Creek Searsville Lake Deer Creek
Gazos Creek Lake Lucerne~ Frenchman’s Creek
San Gregorio Creek Lower Beau Hollow LaHondo Creek
Butano Creek ~ Lake Lobitas Creek
Pescadero Creek Mindego Creek
San Franclsqu~to Creek Pomponio Creek

Santa Clara .... Steveus Creek Reser- Arroyo Hondo Creek Felt Lake (Private) San Franclsquito CreekGuadalupe River
voir San Francisquito CreekCalaveras Reservoir Guadalupe River Coyote Creek

Austriau Reservolr~ Calero Reservoir Coyote Creek Stevens Creek
Lexington Reservoir ¯ LeRoyAnderson Reser-Stevens Creek Arroyo Bayo
Almaden Reservoir voir Los Gatos Creek Packwood Creek
Guadalupe Reservoir Coyote Reservoir Los Gatos Creek

Williams Reservoir

~olano ..........None Suisun Creek Pine Lake (Private) Suisun Creek Ledgewood Creek
Lake Herman1 Ledgewood Creek Greeu Valley Creek
Lake Chabot Montezuma Slough Sulphur Springs Creek
Lake Madlgan Montezuma Slough
Lake Frey

~onoma .......None None Petaluma Reservolr~ Petaluma Creek Petaluma Creek
Sonoma Creek Sonoma Creek

Tolay Creek
Napa Slough
Calabazas Creek
Carrlger Creek
Adobe Creek

x Currently dosed tO l)ublie ~shing.                                                                                                             i
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I    ish portions of creeks and sloughs are frequented by      Lake Chabot, San Leandro Reservoir: These are
striped bass, are permanent habitat for eottids, gobies,water supply reservoirs of the East Bay MunieipaI
smelt and other forage species, and some are highwaysUtility District, which is currently studying the pus-
for anadromous species, sibility of opening some of its reservoirs to public fish-

" All listed waters contain forage and non-gamefish ofing. They contain .warmwater species of fish but are
one sort or another, some of which provide limitedclosed to public fishing at the present time.

I angling. It should be realized, of course, that someWarmwater Streams.
waters do not fit any of the above classifications whileThere are no streams in the portion of Alameda: others might possibly fit into two or more. County discussed in this report which could be re-

I ferred to as typical warmwater streams. Warrnwater
SUMMARY BY COUNTY species of fish, nevertheless, inhabit portions of the fol-

lowing: San Lorenzo, Alameda, San Leandro, and Cain-Alameda County                                veras creeks.

I Trout Lakes.
There are no trout lakes in the portion of AlamedaMiscellaneous Waters.

County discussed in this report.. Calaveras Creek: Below Calaveras Reservoir there
are mixed populations of trout and warmwater species.

I Trout Streams. Angler use has not been investigated.
San Lorenzo Creek: This is a steelhead stream which

is tributary to San Francisco Bay. It has the usualLake Merritt: Situated within the city of Oakland,
estuarine fauna near its mouth and trout in the head-this tidal basin was designated a waterfowl sanctuary in

I waters. The creek has been modified gready by man1869, reportedly the first in the United States. The fish
and is scheduled for further development. There ispopulation is limited to brackish water forms; namely,
some question as to the effect of a recent charmeliza-flounder, smelt, gobies, striped bass and sticklebacks.

I tion project on the steelhead runs. Angling pressure hasChildren account for light to moderate fishing use of

not been investigated reeendy, the lake. The lake would appear to be a recreational
asset which has not been developed to its fullest

Alameda Creek: During the 1930’s, this creek ac-    potential.
commodated a steelhead run of fair quality. At theI time, it is managed as a eatehable trout streampresent
about 35,000 being planted there in 1957. Angling pres-Contra Costa County

sure is generally moderate. Trout Lakes.

I Arroyo Mocbo Creek: Like many other streams in There are no trout lakes in the portion of Contra
the Region, Arroyo Mocho Creek has a small annualCosta County discussed in this. report.
run of steelhead and a fairly good resident populationTrout Streams.
of rainbow and brown trout. According to survey
records of the 1940’s, it received moderate anglingThe streams in Contra Costa County have not been

pressure and produced nice catches of trout, adequately investigated to permit the separate listing
of trout streams. Most of the streams in the county are

ArrOyo las Positas, San Leandro Creek, Arroyo deIintermittent but nevertheless contain local trout popu-

i Valle, Arroyo de la Laguna: These creeks containlations. However, since data not available to speci-are
resident trout populations and may accommodate steel-fically isolate trout streams, they are included in the
head. They have not been surveyed as to their presentmiscellaneous classification.

i or potential fisheries value and are not under any speci-
fic management program. Warmwater Lakes.

Warmwater Lakes.
San Pablo Reservoir: This water supply reservoir

supports a population of warmwater fishes, and, in ad-

I Temescal Lake: This small lake contains the usualdition, is reported to contain striped bass. Its fisheries
warmwater assemblage of largemouth black bass, pan-value is potential, since it is presently dosed to the
fish, catfish and forage fishes. It was ehemicaily treatedpublic..
in 1951 to remove roughfish. The lake receives heavy
local use pardcularly by juveniles.

" Martinez, La Fayette, Mallard reservoirs: None of
. these reservoirs have been investigated to the writer’s

Calaveras Reservoir: Formerly this lake was char-knowledge, but it is safe to say they contain warm-
aeterized by a good .annual run of rainbow trout fromwater fish populations. They are presently dosed to

i Arroyo Hondo Creek. Beginning about !940, they be-the public and, therefore, must be considered as poten-
’° gan to disappear. The reason for the disappearance wastial fisheries.

thought to be the methods employed to control algae.
The lake now contains a typical warmwater assemblageWarmwater Streams.

I of fish, about which litde is known. Since it is a waterCastro, Pinole, San Pablo, Pacheco, and Walnut
supply reservoir, it is currently closed to public fishing.Creeks: The part of Contra Costa County encom-
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passed by this report does not contain any typicaltrout season but progressively less thereafter. The lake
warmwater streams. However, the lower drainages ofhas the normal assemblage of warmwater species but
these waters accommodate a variety of warmwaterit is marginal for them.
species.

Trout Streams.
Miscellaneous Waters. Olema Creek: Natural populations of steelhead, sil-

Castro, Pinole, San Pablo, San Ramon, Tassajara,ver salmon and resident rainbow trout are present in
La Fayette, Pacheco, Walnut, Alamo, Pine, Sycamore,this stream. Its overall contribution to the Bay Area
and Bear creeks: These are for the most part smallnmst be considered minor, but it is important to local
intermittent creeks about which little information isanglers. In the past, dairy pollution was of sufficient
available. Most contain natural trout populations andseverity to warrant an investigation by the Depart-
several have small runs of steelhead. Several havement of Fish and Game which resulted in action by
mixed populations o]~ warmwater, game and foragethe Regional Water Pollution Control Board. Fish
fishes. Lack of data does not permit more detailedpassage structures are present in the creek.
description. Pine Gulch Creek: A smal! annual run of steelhead

and a resident population of rainbow trout, about

Nlarln County which little are known, occur in this stream. These
populations maintain themselves without the aid of

Trout Lakes. stocking. Angling pressure has not been measured.
Alpine Lake: This lake is managed by the Depart-PapermilI (Lagunitas) Creek: This is one of the best

ment of Fish and Game as a catchable trout water,steelhead and silver salmon streams in the Bay Area.
Pre-season plants of about 10,000 fish are made eachRainbow trout are also present. The natural spawning
year. It is a large lake with inadequate angling pressureareas have been greatly reduced by numerous diversion
to warrant heavier stocking. However, in 1957, it alsodams. Angling is heavy during the winter when the
received 100,000 sub-eatehable trout for experimentalsteelhead run is on but overall use is moderate. Dairy
purposes. After heavy initial pressure at the beginningpollution was severe at one time and still poses a threat
of the trout season, use becomes moderate to light,to fishlife. Action was taken to dean up this problem
It is a potentially valuable reservoir, capable of heavierat the same time as on Olema Creek.
angling pressure.

Arroyo Nicasio: Self-sustaining populations of steel-
Phoenix Lake: This is another catehable trout lakehead and resident rainbow trout occur in this stream.

managed by the Department of Fish and Game. AboutAngling pressure is moderate to low. Water develop-
25,000 rainbow trout were stocked here in 1957. Plantsment has been a problem on this stream. However, the
are made throughout the season. Angling pressure isdeveloping agencies have been required to provide fa-
heavy even though there is a lack of facilities. Warm-cilities for mitigation of damages to the resources.
water, gamefish, forage and roughfish inhabit and
maintain themselves in the reservoir, but conditionsSan Antonio Creek: A natural population of rain-
are marginal for the gamefish, bow trout and some steelhead are present in San An-

tonio Creek. Water development is also a problem on
Lagzmitas Lake: This also is a catchable trout lakethis stream. Angling pressure has not been measured

under State management. It receives about 30,000 fishbut is presumably low.
each year of which an estimated 70 percent are caught
by anglers. As the results indicate, it receives intenseWarmwater Lakes.
angling pressure. Like Phoenix Lake, it is marginal forNovato Reservoir: This is a new reservoir being
warmwater species of which several kinds are present,managed for largemouth black bass, bluegill and other

Bon Tempe Lake: Like the preceding three, this iswarmwater species. The potential appears to be good,
a catchable trout lake managed by the State. In 1957,but it has not been fully evaluated yet as to its capa-
it received 15,000 catchable trout and an experimentalbility of sustaining a good natural population of warm-
plant of 50,000 sub-catchables. Angling is heavy ini-water fishes. Angling pressure is moderate.
tially but fades as the season progresses.

Warmwater Streams.
Rodeo Lagoon: This lagoon only recently was putWell defined warmwater streams do not exist inunde~ State management for catchable trout. AboutMatin County, although warmwater species occur in5,000 fish .were stocked in 1957. Recreational use is

somewhat restricted since the lake is on a militaryportions of Novato and Gallinas creeks.

reservation. Miscellaneous Waters.
Kent Lake: This is a water supply reservoir underNovato Creek: Near the mouth this is a typical

State management. It was allotted 100,000 sub-catch-brackish water slough which supports a striped bass
able trout in 1957. Like a number of the others, itfishery of fair quality and good waterfowl hunting.
receives heavy angling pressure at the beginning ofAbove tidal influence, the fish population is negligible.
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Hunting and fishing account for moderate use Rector a water supplyof the Reservoir:Thisis reservoir
lower part of the creek. Domesdc sewage is a constantnow closed to the public. The fishery was formerly
threat to fish and wildlife. In 1953, a rather large killmanaged by the State for catchable trout and rescued
of striped bass and carp occurred here. steelhead. It still contains a residual population of trout

Rush, Ga.llinas creeks: These are typical miscellane-
and roughfish.

ous streams lacking survey data and without definiteCurry Lake, Milliken Reservoir: Like Rector Res-

management programs, ervoir, these waters are closed to the public. They

Crystal, Bass, Pelican lakes: These are private lakes
contain populations of warmwater fishes.

which have not been surveyed by the Department ofWarmwater Streams.
Fish and Game. Corm Creek, Napa River, Napa Slough, Soda Creek:

Abbott’s Lagoon: This is a private lagoon aboutThere are no well defined warmwater streams in the

which little is known except that striped bass haveportion of Napa County discussed in this report. How-

been reported from it. ever, warmwater species do occur in the above named
streams.

Napa County
Miscellaneous Waters.

Leoma Lakes: These are a series of privately owned
Trout Lakes. lakes which are used for domestic fish breeding put-

There are no specifically managed trout lakes in theposes.
portion of Napa County covered by this report. Soda Creek: Minor steelhead and resident rainbow

trout populations maintain themselves in this creek
Trout Streams. but little is known about them. Angling pressure oc-

Dry Creek: A steelhead run and a resident popula-curs during a short period each spring. Its value as a
tion of rainbow trout occur iu this creek. It is one ofsteelhead spawning tributary has not been investigated.
the best spawning tributaries for steelhead in the wholeThere diversions the but fishare water on stream 12o
Napa River system. Angling me is minor and largelyfacilities.
dependent upon the steelhead run. There are t-wo low
irrigation and domestic water diversion dams on theMoore, Mill Creeks: Both of these are small creeks

which have not been surveyed and which do not havestream,eachwith fishladder. specific management programs.,
Redwood (Napa) Creek: This is another tributaryNapa River: Although this river is classified misceI-

of the Napa River similar to Dry Creek. Althoughlaneous, it is important to fishiife as well as the anglers
resident trout are present, the principal value of thewho use it. The estuarine portion of the river to some
stream is its use as a steelhead spawrfing tributary. Thedistance above the city of Napa has furnished excellent
stream is intermittent in the lower reaches, but poolsstriped bass angling. Above Napa, catfish, other warm-
near the headwaters are maintained by springs wherewater species and resident trout are present. Steelhead
iuvenile steelhead exist during the summer, pass up the river to spawning tributaries.

Corm Creek: Conn Creek is managed by the Depart- Below the city of Napa, the river was at one time
ment of Fish and Game primarily as a catchable troutone of the most favored striped bass fishing areas and
stream, but a small self-propagating run of steelheada number of resorts were built to accommodate the
enters each year. During 1957, 11,000 trout werefishery. It still receives moderate to heavy angling
stocked here. Angling is generally moderate. A loose-pressure. When the steelhead fishery was censused
rock dam which was put across the creek to form aduring the 1954-55 season, it was estimated that 1,508

small reservoir is stocked and reserved for the use ofangler days were spent here during January and Feb-
ruary. Catch success was estimated at 0.28 fish perchildren,
angler day.

Warmwater Lakes. Investigations have failed to reveal whether or not
Corm Valley Lake, (Lake Hennessey): A water sup-striped bass spawn in the river. However, plankton

ply reservoir formerly managed for catchable trout,collections revealed tremendous numbers of eggs of
this lake now supports an assemblage of warmwaterother species, chiefly cottids and gobies.
fishes including largemouth black bass, bluegills, greenThe lower part of the river is .used heavily by naval
sunfish and crappie. It receives heavy angling pressure,vessels, and freight barges which ply the river between
is well policed, and is provided with a boat launchingits mouth and the city of Napa. A number of sources
ramp and sanitary facilities. The fish population isof pollution exist from Napa downstream. Domestic
self-sustaining. The lake is provided with rough-fishsewage has been the most aggravating. Above Napa,
control structures at the inlets. Some trout are stillwinery and dairy wastes are the principal pollution
taken; apparently they ;eproduce near the mouths ofthreats. Fish kills in the Napa River have not been un-
the tributaries, common in the past.
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Napa Slough: The typical brackish water fauna oc-Miscellaneous Waters.
curs in this slough. Quantitative data on angler useThe only remaining waters in the county which
are not available, but it may be assumed moderate. Inmight be included in this category are the sloughs
addition, the slough runs through excellent waterfowlalong the shoreline.
habitat and is used by many hunters each year. The
State leases 5,000 acres adjoining it from the Leslie
Salt Company for use as a waterfowl managementSan Mateo County
area. Trout Lakes.

Pilarcitos Lake: This lake is part of the San Fran-
San Francisco County cisco public water supply system and is closed to the

public. It has 109 surface acres, and when surveyed
Trout Lakes. m 1931, contained a good population of trout. Tribu-

Lake Merced: This is a good trout lake managedtory streams are available for trout reproduction.
by the Department of Fish and Game. Each year
from 50,000 to 65,000 catchable-size trout are stocked Higgins Creek Reservoir: The fishery at this private
in it. In 1957, the scheduled allotment included 50,000reservoir is managed by the State. In 1957, it received

6,000 catchable rainbow trout. Although too small tocatchables in the Lake Merced Impoundment, 260,000
fingerling rainbows and 50,000 eastern brook troutcontribute appreciably to angling in the Bay Area, it

fingerlings in North Lake Merced, and 540,000 finger- is important to the local citizenry.
lings in South Lake Merced. Upper Bean Hollow Lake: This is an irrigation

The lake receives very heavy fishing pressure. John-water supply reservoir of about 50 surface acres. In
son (1957a) has analyzed the records from the boat1957, it was stocked with 28,000 catchable rainbow
fishery. His data are given in Table 41 for the yearstrout. Angling pressure is moderate. Although angling
1954, 1955 and 1956. is free, a fee is charged for parking.

TABLE 41 Trout Streams.

STATISTICS OF THE LAKE MERCED BOAT FISHERY Purissima, San Pedro, Tunitas creeks: These are small
coastal streams utilized principally by natural steelheadMeartCateh populations. Angling is light.per Angler

Year Angler Days Total Catch’ Day Denniston Creek: Formerly managed for catchable-
1954 27,031 37,960 1.58 size trout, this creek was dropped from the program
195~ 26,740 65,526 2.40
1956 25,412 33~85 1.32 when a dam was constructed about a mile upstream

................ from the mouth. Angler use is limited by the fact that
the creek is bordered by private lands. It is of minor

In a later report (.1957b), Johnson used postal ques-value for steelhead spawning since the dam is situated
tionnaires to get an estimate of the amount of shorebelow the usable gravels. Angling pressure is negligible
angling as compared to boat angling. It was determinedexcept at the beginning of the steelhead season.
that shore angling accounts for two to three times as
muck effort as the boat fishery. A total of 132,305 Gazos Creek: This minor steelhead stream is also
angler days were reported for both types of anglingbeing managed under State’s carchable trout program.

.in !956. Gazos Creek was stocked with 9,000 rainbow trout in
The lake is a standby water supply consisting of1957. During the 1930’s, this creek was reported to

three artificial impoundments totaling 279 surfacehave received heavy local use by anglers over a long
acres, season. It is now of minor value to anglers except for

a short period during the winter when steelhead up-
Trout Streams. pear. Logging pollution has been a problem on Gazos

There are no trout streams as defined in San Fran-Creek.
cisco County. San Gregorio Creek: This is a moderately good

Warmwater Lakes. steelhead stream for this area. The run is maintained
through natural propagation. Resident trout are also

, Stowe,Lake: This and other small lakes in Goldenpresent in ,the stream and support some angling. ,An-
Gate Park contain a variety of warmwater fishes andgling pressure is heaviest during the winter steelhead
rougkfish. Up to now a satisfactory Combination ofseason. During a January 1955 census, 188 angler days
fish species to sustain a sport fishery has not beenproduced 51 steelhead.
found. As a result, they are not presently of much
value as recreational areas. Butano Creek: This is another small coastal stream

with self-sustaining populations of steelhead, silver
Warmwater Streams. salmon and rainbo~v trout. Angler use is now limited

There are no warmwater streams in the county, by private lands which border the creek, but it was
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formerly reported to receive heavy trout fishing pres-Santa Clara County
sure. Falls about five to six miles upstream presendy
limit its value for steelhead spawning. Trout Lakes.

Steve.us Creek Reservoir: This is a water supply
Pescadero Creek: This is one of the best steelheadreservoir managed as a catch’able trout fishery. It was

streams in the Bay Area. The headwaters in Portolachemically treated first to remove the roughfish before
State Park are stocked heavily with catchable trout,being stocked with trout of which about 27,000 were
some 39,000 in 1957. Silver salmon also spawn in theplanted in 1957. The lake is very heavily fished.
creek. It receives heavy steelhead use and intense an-

~

:ling for catchable trout. The 1954-55 census indicatedAustrian Reservoir: Formerly managed as a catch-

2,281 angler days were spent to catch 249 steelhead.able trout lake, this water supply reservoir is now
closed to public use. Since its closure, the fish popu-

San Franclsquito Creek: Formerly a good steelheadlation has not been investigated.
stream, this creek has been greatly modified through
man’s activities. There still is a small run each yearLexington Reservoir: This reservoir was stocked

with 30,000 catchable size trout and I00,000 sub-catch-which must contend with adverse runoff conditions,
pollution, and obstructions. Angling pressure dependsables in 1957. Because the reservoir is drawn down

severely each year, fishing is limited to the early partto some extent on water conditions but must be con- ¯
sidered light. Except during extreme high water, fishof the season, when it is possible at all. Angling pres-
are unable to negotiate a dam which they must do tosure is heavy when the reservoir can be fished.

reach the spawning areas. Guadalupe, Almaden Reservoirs: These are small
reservoirs subject to severe annual drawdown. They

Warmwater Lakes. are stocked with catchable-sized trout when water is
San Andreas Lake, Crystal Springs warmwater are present.Reservoir:Both available.Some fishes

of these are water supply reservoirs for the City of
San Francisco and are presently closed to the public.

Trout Streams.

Both contain good warmwater fish populations. Crys-Arroyo Hondo Creek: Until the late 1940’s, excel-
tal Springs Reservoir has been a designated fish andlent rainbow and brown trout populations existed in
game refuge for many years. ¯ this creek. The present stares of the resource and the

fishery is not known. Since it is almost completely
S~arsville Lake: This small water supply reservoirbordered by private lands, public access is difficult.

contains a mixed population or largemouth black bass,
panfish, and catfish. A boat rental concession has beenSan Francisquito Creek: (See San Mateo County).

established on the lake and angling pressure is heavy.Warmwater Lakes.
Lake Lucerne: Not much is known about this irriga- Felt Lake This is andstandby: a water supply pri-

tion storage reservoir except that it contains the usualrate reservoir under the management of Stanford Uni-
assemblage of warmwater species. Being a private lake,versity. It contains largemouth ~black ~bass, bluegills,
trespass problems are involved. It is another potentialand forage species and is used as an experimental pond
fishery, however, by University fisheries personnel. It is closed to the

Lower Bean Hollow Lake: After chemical treat-public.

ment by the State, this irrigation storage reservoir wasCalaveras Reservoir: (See Alameda County).
s~ocked with largemouth bass and panfish. Since it hasCaIero Reservoir: This water supply reservoir un-
only recently come under any form of management,dergoes too great a drawdown each year to support a
its angling potential is not known. It appears to bestable year-around warmwater fishery but it some-
marginal for warmwater species. Though privatelytimes furnishes angling early in the season.
owned, it is open to the public.

Le Roy Anderson Reservoir: This reservoir supports
Warmwater Streams. one of the best warmwater fisheries in the Bay Area.

There are no well defined warmwater streams inIt has a good population of largemouth bass, bluegills,
San Marco County. San Francisquito Creek, however,black crappie and catfish. It is a water supply and
contains a limited population of forage, gamefish andas the lake lowers, angling pressure drops from intense
roughfish species, early in the spring to light in the fall.

Coyote Reservoir: This is a major reservoir with a
Miscellaneous Waters. good warmwater fish population most years. It is sub-

Alpine, El Corte Madera, Deer, Frenchman’s, La ject to severe draw-down in dry years.
Honda, Lobitas, Mindego, Pomponio Creeks: Each of
these creeks contain resident trout populations andWarmwater Streams.
some are used by steelhead. However, they have notWhile there are no typical warmwater streams in
been specifically surveyed as to their present or pc-Santa Clara County, the tributaries of the Bay in Santa
tential fisheries value. Clara County provide angling for warmwater species.

D--01 9296
D-019296



136 DEPARTMENT OF FISH AND GAME

Among these .may be cited the Guadalupe River andrecommended development of a warmwater fishery in
Coyote and Los Gatos creeks, both.

Miscellaneous Waters. Pine Lake: This is a tS-acre lake on the property of

Guadalupe River: The lower part of this river for-the Benicia Arsenal. When last checked by the Depart-

merly was favored by striped bass, but they are rarelyment of Fish and Game, there were largemouth black

seen there now. Steelhead ascend the river and itsbass, bluegill and small forage fishes present. Angling is
tributaries to spawn during the runoff period, butrestricted to military personnel.

there has also been a progressive decline in the size ofLake Herman: Lake Herman is a water supply reset-
the runs. Above Guadalupe Reservoir, the river andvoir for the City of Benieia. It contains the usual as-
its tributaries support small, but locally important,semblage of warmwater species. The lake is now closed
trout populations. Steelhead reproduction occurs into public fishing, but was open in the past.
the small tributarie~ below Guadalupe Dam and goodLake Cbabot: This is another water supply for the
populations of black bass, bluegill and catfish exist inCity of Vallejo. It supplies some angling for warm-
ponds between tidewater and Guadalupe Dam. water fishes but frequently goes dry and requires re-

Generally speaking, angling quality has been im-stocking.
paired by the degradation of the river. A serious pol-
lution problem has existed in the lower section forWarmwater Streams.

and although much has been done to al-Suisun, Green Valley, Ledge~ood ’creeks: There aremanyyears
leviate the situation, recent investigations indicate it isno typical warmwater streams in the portion of
still unsatisfactory to fishlife. Pollution is most acute inSotano County encompassed by this report, although
the late summer during the peak of the canning season,warmwater game species are found in those listed

Coyote Creek: The description of the Guadalupeabove.
River is appropriate to Coyote Creek. Except for aMiscellaneous Waters.
considerably larger estuary, the two streams are similar.Ledge~ood, Green Valley, Sulphur Springs creeks:
The same fish species inhabit the estuary and upstreamThese creeks a~e not under a specific management pro-
areas. Pollution is als0. serious in the estuary of thisgram and have not been surveyed. However, it is as-
creek, sumed they contain both warmwater and salmonid

Stevens Creek: Stevens Creek is similar to the abovefishes. Angler use has not been investigated but all in-
two except that the estuary is much smaller. Thedications are that it is light.
fishery is also less intense. The headwaters of the creek
support a local trout fishery. Sonomo County

San Felipe, Penitencia, Pack~ood, Los Gatos creeks:Trout Lakes.These are small, mostly intermittent streams supporting
local trout fisheries. They do not have a specific man-There are no trout lakes of public significance in the
agement program and have not been surveyed in detail,portion of Sonoma County encompassed by this report.

Williams Reservoir: This is a small reservoir whichTrout Streams.
usually dries up each year. It provides sporadic fishing. There are no surveyed streams in this category, al-

though unsurveyed tributaries of the larger creeks may
$olono Counfy possibly fit into this class.

Trout Lakes. Warmwater Lakes.
There are no trout lakes in the portion of solanoPetahona Reservoir: This reservoir has the potentia!

County discussed in this report, for development of a warmwater fishery, but it is not
presently open to the public. It is a public waterTrout Streams. supply.

Suisun Creek: A small annual run of steelhead occurs
in this creek as well as a limited number of residentWarmwater Streams.
trout. There are no specific warmwater streams within the

portion of Sonoma County encompassed by this re-Warmwater Lakes. port. However, sections of the larger creeks and
Lakes Madigan and Frey: These lakes are part of the sloughs above tidal influence contain good populations

City of Vallejo’s water system. They were stockedof catfish, carp, largemouth bass and panfish. Such
with catchable trout from 1940 (except during Worldwaters include: Petaluma, Sonoma, and Tolay creeks,
War II) until 1960. Angler use (and stocking) variedNapa Slough, Second and Third Napa Sloughs.
depending on the water level of the reservoirs and the
period of time the City of Vallejo allowed fishing. TheMiscellaneous W’aters.
lakes were recently surveyed, (Kelley 1959) and werePetalzetna Creek: Near the mouth, this creek supports
found to be unsuitable for trout management. Kelleythe typical brackish water fauna with striped bass be-

D--01 9297
D-019297



FIs~ AND WILDLIFE RESOURCES, SAN FRAnCiSCO BAY AREA 137

ing the principal game species. Catfish and other warm- fowl utilize the lower part during the winter and some
water species are present above tidal influence. Some hunting takes place. Dairy and winery wastes are po-
steelhead ascend the creek to upstream tributaries to tential pollution threats
spawn. Angling and recreational use has not been Tolay Creek: This creek may be assumed to be
measured but it is probably- minor. Waterfowl and similar to the preceding xwo in the lower section, but
waterfowl hunters also use the creek to some extent, on a smaller scale and without the steelhead or troutPetaluma Creek is navigable water and receives wastes fisheries
from both river traffic and shore installations.

Sonoma Creek: The fish fauna of Sonoma Creek Napa Slough: (See Napa County).

near the Bay and into freshwater is similar to Petaluma Calabazas Creek: Not much is known about the gen-
Creek and seasonally }rovides excellent striped bass eral fish population of this creek. However, it does
fishing. Above the City of Spnoma, there are steel- have a small annual run of steelhead and is used by
head and catchable trout fisheries. Some 5,000 trout them for spawning. Recreational use is limited to sum-
are stocked annually. The creek receives moderate mer fishing for juvenile steelhead.
local use in the upper section where it is bordered by Carriger Creek: This creek supports a minor but
private lands. The fishery in this area is generally dur- locally important steelhead fishery. A fish ladder ising the summer, al(hough there is a minor winter steel- present and the stream is included in the State’s fishhead fishery also. The Valley of the Moon Recreation
District, located on Sonoma Creek, operates a small rescue program.

recreational angling impoundment. The riffles in the Adobe Creek: The fish population and angling use
upper part of the creek are utilized by steelhead dur- made of this creek are not well known, although it

the period. As at Petaluma Creek, water- accommodates a small run of steelhead each year.ing spawning
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GAME BIRDS
WATERFOWL The following quote from an early biennial report is

indicative of the Fish and Game Commission’s views
Historical Account concerning the waterfowl in the Delta: "That portion

The accounts of early Spanish, British and Americanof the Sacramento and San Joaquin Delta before the
explorers is replete with references to the hordes ofera of reclamation was a veritable paradise for wild
waterfowl which once dominated the marsh and wet-fowl, and to a great extent still furnishes a food supply
lands of California. This State has been the historicalfor a large number of ducks, geese, swan, sandhill
wintering ground for the major share of the migra-cranes, and other waterfowl. All the reeds, seeds, bulbs,
tory waterfowl of the Pacific Flyway. Great fall flightsand succulent water grasses, except flee, known to the
on their way from ’Alaska, Canada and Siberiaeastern and middle states and classified by the Depart-
routinely stop at the Klamath Lakes on the California-ment of Agriculture grow in the greatest luxuriance.
Oregon border and other suitable areas of the highMany varieties of roots and grasses which I am unable
plateau country of Modoe and Lassen counties. These.to identify are also much in evidence. The most ira-
serve as resting areas until weather conditions forceportant of these duck foods are the two varieties of
them further south. Principal wintering areas werewhat is known locally as rule or bulbs andpotatoes,
Buena Vista and Tulare lakes, the overflow lands southclassified as Sagittaria latifolia and Sagittaria arifolia.
of the Tehachapi’s, Owens Valley, and the ColoradoThese tubers grow in such quantities in the Sacra-
River. The most expansive area, however, was themento Delta that many tons are annually dug by Chi-
hundreds of thousands of acres of marshes, overflownese and shipped to San Francisco for the Japanese and
lands and waterways of the Sacramento-San JoaquinChinese, by whom they are highly prized for food.
Valley, the Delta and the San Francisco Bay Area.There is the wild millet, the sago weed, known locally

With the advent, of the American occupation, large-as gray duck food, perch grass weed, known as the
bore guns, and animal blinds, waterfowl and marshyellow lily pad (Nymphae tiara) seed, which is very
birds were literally shot by the millions for sport, tableabundant in some localities and furnishes a great
and market. In the early literature there is frequentamount of food, especiallyfavored by wood ducks,
reference to the abundance of ducks and geese in theand many other seed bearing grasses, too numerous to
Sacramento and San Joaquin Valleys and the Deltamention.
Area, and the ease with which they were killed. As a"The variety of food on which wild ducks feed de-
matter of fact, waterfowl for the market proved to bepends entirely on the depth of water. All the deep
such a profitable venture and reached such magnitude,water or sea ducks [divers] are able to procure their
that game birds became the. major trade constituent offood at.from one to ten feetof Water, while the waders
the so-called game transfer companies of San Francisco.[puddlers], mallard, spflg,teal, ete,,.feed on what can

the Faralton Islands provided an ideal situ-be obtained in shaIlow water,, from a few inches toOffshore,
ation for gulls, terns, and other far ranging birdstwo feet,~or on:what remainsron~the.sur/ace after be-
common to the Pacific Coast. An item in Hutching’sing pulled loose, by the~diving ducks.:. Wild celery has
California Magazine (1856; No. 21 Page 53) :reportedbeenihtroduced~in several p~rts.bf California, but so
that between 1850 and August 1856, the Farallon Eggfar with little success, owing, ino: doubt~ to a lack of
Company had taken between three and four millionknowledge of the conditions necessary to insure its suc-
murre or foolish guillemot eggs from the Farallons tocessful growth."
the San Francisco markets. That the Bay and Delta area was a veritable paradise

The variety of habitats in the Bay and Deka wasfor all. forms of waterfowl can scarcely be doubted.
conducive to an assortment of species. Open areas ofEach fall multitudes of ducks and geese would appear
~zhe Bay accommodated the diving ducks while thefrom the north to winter on the many thousands of
marshes and sloughs attracted puddler ducks. Shoreacres of prime waterfowl habitat within and adjacent
birds were abundant on the tidal flats and in the.tO the Bay Area. Those areas most heavily used were
marshes, the vast marshlands on the east and south shores of San

The marshes of the Bay and Delta were formerlyFrancisco Bay and on the north’sh0res of San Pablo
used extensively as breeding areas for resident puddlerand Suisun Bays, From early aCcounts;the vicinity of
ducks. The tidal fiats and overflow lands provided anAlvarado appears to have been’ the’ most fabulous, fol-
abundant supply of food for them. lowed closely by the Suisun and Napa marshes.

Appendix G-1 lists the most common waterfowl,To the misfortune of waterfowl, theirhabitatis
shore and upland game birds of the Bay Area. often too easily converted into agriculture land. The

[ ~9 ]
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I

FIGURE 42. Ducks, geese and whistling swans on wintering grounds. Habitat such as that shown in the
photo must be preserved and developed to assure waterfowl for the future. Photo courtesy U.S. Fish
and Wildlife Service.
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amount of immediately arable land in California wasof 1895-96. One reference indicated that about 1,000
extremely limited and reclamation was inevitable. Inducks a week being taken from the Alvarado marshes
rapid succession the Klamath Lake region, Buena Vistaas late as 1913-14.
and Tulare lakes were drained and reclaimed. OwensThe Fish and Game Commissioners in their report
Valley was dried up and the overflow lands along thefor the years !910-12 were obviously concerned over
Colorado River eventually eliminated. The marshesthe decrease in the waterfowl population. In the 1912-
along the waterways of the Sacramento-San Joaquin14 report, the Commissioners, in attempting to bring
Delta have long since been diked, drained, and theabout legislation to prohibit market hunting stated:
fertile soil put under intensive agriculture. The exten-"During the season three years ago there were fully
sire marshlands bordering South San Francisco Bay250,000 wild ducks brought into the San Francisco
were diked and turned into salt evaporation ponds asmarket for sale." .
early as 1879. During a period of about fifty years, allThe best figures to-be obtained from this period
major waterfowl areas were vastly reduced and, inare from the 14th biennial report of the State Board
some cases, completely lost. of Fish Commissioners. The numbers of waterfowl and

In contrast to the reclamation picture elsewhere wasupland game passing through the San Francisco and
the formation of the Salton Sea in Imperial County, inLos Angeles markets for the 1895-96 season are shown
1905 and 1906, when the Colorado River overflowed,in Appendix G-2. A total of 501,171 waterfowl, up-
creating a large waterfowl wintering area in the desert,land game, and shore birds worth $62,362 passed

Reclamation was not as complete in the Bay Areathrough these markets. The species were tabulated by
as in other localities, but the most important area wascounties; and it is, therefore, possible to obtain the
lost when the Alvarado marshes were reclaimed forproportion of each contributed by the Bay counties
salt production. In the Santa Clara Valley, the lossto the total. These amounted to about 13 percent of
of waterfowl habitat was offset to a considerable ex-the ducks, 9 percent of the geese, quail, doves and
tent when the land was put into grain thereby pro-pigeons, and 14 percent of the shore birds.
riding an ideal food supply for wintering waterfowlThe Commission pointed out, "The money values
populations. [$62,362’] here presented are the amounts received by

Records of the abundance of waterfowl during thisthe hunters, to which should be added the profits
period are sparse but scattered reports from gameof the jobber and retailer.
transfer companies and the Fish and Game Commis-"To these figures must also be added the large
sion indicate a large reduction occurred, amount of game which goes directly to the tables of

Grinnel et al, (1918), in "Game Birds of California"our people, furnished by the army of sportsmen.
state: "This amount of game is considerable as a food

"The array of evidence above given shows beyondsupply, comprising 332,630 pounds of ducks, 37,880
question that waterfowl and upland game birds havepounds of quail, doves, pigeons, lark, rail, and snipe,
both on the average decreased by fully one-half withinand 175,444 pounds of geese, etc. For several reasons,
the past forty years. The causes of this decrease arethese figures do not represent the true commercial
many and diverse, but all are due in last analysis tovalue of our game, chiefly because the season was
the settlement of the State by the white man. Somesuch an unsettled once, and because it has been im-
of these factors, such as excessive hundng and salepossible to .reach all the market centers."
of game, are subject to control; but those, such asIn all probability, the kill for local markets and by
reclamation of land and overhead wires, are inevitable."private citizens for their own sport and table use was

They also pointed out the serious threat of oilfar in excess of the numbers reaching these two market
pollution to waterfowl in portions of the San Joaquincenters.
Valley and noted particularly the hazardous practiceFrom about 1905 there was increasing publicon,
of dumping oil wastes, into bays and estuaries. Casessentiment about the plight of the State’s waterfowl,
of waterfowl being washed up along the San Matteparticularly in the San Francisco Bay Area. Centre-
and Marin shores due to the flushing of the tanks ofversy revolved around market hunting activities, and
oil ships were common at that time. the game transfer companies which depended so hear-

About 1900, according to game transfer companyily on waterfowl. This controversy finally culminated
records, the San Francisco markets handled a minimumin legislative action in 1915 prohibiting the sale of
of 250,000 ducks annually. In the 1895-96 season, thewaterfowl.
average price per duck was about 25 cents. During
the 1911-12 season, over 300,000 ducks were sold in1915 to Presentthe San Francisco markets according to the Fish and
Game Commission in its 24th biennial report. TheThe continuing downward trend of all of Cali-
average price at this time had increased to 50 cents,fornia’s game species, resulted in a change of philos-
but often went as high as 80 cents. Grinnel et al (opophy shortly after 1900. Wildlife protection received
tit) cite figures showing 47,565 mallard ducks aloneadded impetus, restrictive legislation was enacted and
were sold in the San Francisco markets in the wintera number of refuges were established. About 1913,
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emphasis was placed on scientific investigation and[being] reclaimed for residential purposes. Extensive
public education, areas of unreclaimed marsh land lie along the north

Most shorebirds were put on the protected list,shore of San Pablo Bay and are utilized for agricul-
market hunting for deer was prohibited and the salerural purposes. In the San Francisco and East Bay
of waterfowl was banned. Wildlife and domesticareas reclamation has already extended across the tide-
stock were given added protection with the enact-lands arid into the areas of submerged land."
merit of a law providing the payment of bounties forWing lists the acreages shown in Table 42 as re-
predatory species, claimable lands in the South Bay area. Table 43 pro-

Refuges: The greatest benefit to waterfowl camerides data on the amount of land controlled .by sail
through the establishment of definite areas in strategicinterests.
locations throughout the Stat~ as wintering or resting TABLE 42
areas. Reclamation eliminated thousands of acres of LAND RECLAMATION IN TIIE BAY AREA
valuable waterfowl habitat and continues to do so; but,Tidelands 30,800 acres
fortunately, State and Federal agencies have developedLands submerged less than 6 feet .............31,520 acres
and enlarged specific waterfowl habitat areas. Pres-Total 62,320 acresenfly, crops are grown on these areas to provide food
and prevent serious depredation on private agrieul-.Marshhnd (already reclaimed) 74,000 acres
rural (~rand Total 136,320 acres

Few natural major waterfowl areas remain other
than those now specifically designated as refuges and TABLE 43
waterfowl management areas. These refuges and man- ACREAGE IN THE BAY AREA CONTROLLED
agement areas are shown in Figure 44. The largest and BY SALT INTERESTS
most important natural area at the present time, not Acreage
so designated, is San Francisco Bay and the Delta. in Pro-
Hunting is not normally permitted on refuges, vchileCounty duction Other Lands Totals

Alameda 17,460 8,600 26,060’it is on management areas. Santa Clara_.__ 7,600 7,600
As of 195~7, there were 19 designated waterfowlSan Mateo~ 6,725 3,25-~ 9,983

areas within the State totaling 202,017 acres and twoSonoma 40 _ 40
others located along the Colorado River. Ten of theseNapa 5,700 5,000 a 10,700
areas, comprising 54,471 acres, are State-owned orTotals__ 37,525 16,858 54,383leased, tInformatlen obtained through cottttesy

Three of the State waterfowl areas ,are located ,~a leasetl by Department o£ Fistx aacl Game from I.~slie Salt Comgmay
for water£owl management area.

within the Bay Area; the Napa Marshes, 5,000 acres,
Suisun Refuge located on Joice Island, 1,887 acres, andNorth Bay. A later report by the Department ofGrizzly Island Waterfowl Management area, 8,600Water Resources, Appendix E to the Sail Water Bar-
acres. In addition, there is the San Leandro Waterfowltier study, provides information on the extent and
Refuge located on San Leandro Bay, Alameda County,
and the Mr. Tamalpais Game Refuge which inehdes

present development of marsh lands in the North Bay
area:

most Richardson’~Bay,MatinCounty.Lake Mer-. "The survey, fall 1953, determined the gross area oftilt in Oakland, Alameda County, is a locally managedthe marsh lands between the Point San Pablo Barrierwaterfowl refuge and Crystal Springs Reservoir, Sansite and the confluence of the Sacramento and SanMarco County is designated as the San Frandseo Fish
Game Refuge.                                Joaquin Rivers at Collinsville to be 131,400 acres, theand great majority of which lies on the north side of the

bays. About 53 percent of the .total marsh land area
Reclamation and Land Use is located in the vicinity of Snisun Bay and 47 percent

South Bay. Reclamation in the South Bay area hasborders San Pablo Bay."

gradually eliminated most of the best waterfowl habi-"Almost 86 .percent of the marsh lands are classified

tat. Studies by the State Department of Water Re-as leveed lands." As Table 48 shows, ll2,60Oacres axe
sources indicate the extent of reclamation in the Bayleveed and 18,800 are.not.

Area thus far. In an unpublished report of the StateThe type of vegetation and present use of these
Division of Water Resources, 1951, Wing makes thelands are shown in Tables 49 and 50 which were taken
following statements: "In the South Bay area prac-from Appendix E of the Department of Water Re-

all the former marsh lands have either beensources Report on Feasibility of Bay Barriers.tically
occupied and reclaimed or ar~ being held for futureThe use of lands for salt evaporating ponds is not
reclamation as salt evaporating ponds. In the Northas extensive here as in the South Bay, although 9,200

Bay, the only remaining marsh areas [,] located at the1T~e~e i~ a~ ~re~o~v~ ~=ep~e~ o~ aleut ~,s0o ~=~ ~ee~ ~
estimat~ by the I)epa~ment o~ Water Reso~ces and the acreage

outlets of small creeks in Matin County [,] are now~r~a~a i~ ~r~ ~.
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I PACIFIC FLYWAY
Showing Fall Migration Routes
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FIGURE 43. Pacific flyway waterfowl migration routes.
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acres have been allocated for this purpose and this useGeese are much less common than ducks although
may be expected to expand, up to 40 percent of the wintering population has been

enumerated in the Bay Area. The most important win-
Waterfowl Habitat tering area for these large birds is the Suisun marshes,

but a few generally winter in the North Bay marshes
The U. S. Fish and Wildlife Service (1951) inven-also.

toried the important waterfowl areas of the State inThe Pacific black brant (Branta nigricans) is a
two separate reports. One concerns the wetlands, andunique migratory bird. It breeds along the Bering Sea
the other permanent waters of importance to water-and &retie coasts of North America and in northeast-
fowl. ern Asia. It is strictly a coastal species and is extremely

The Service estimated there are 559,302 acres ofselective, utilizing the large beds of eelgrass (Zostera
wetlands and 613,495 acres of permanent waters ofmarina) characteristic of shallow coastal bays. The
importance to waterfowl in California. Of these totals,Pacific black brant winters all along the Pacific Coast
the Bay Area accounts for 26.4 percent of the wet-from southern Alaska to and including Mexico. The
lands and 45.2 percent or almost half of the permanententire wintering population averages about 200,000
waters. The distribution of this land and water isbirds annually, of which approximately 25 percent
presented by counties in Table 44. winter in California. Of those wintering in California

about one-quarter prefer Bay Area waters, principally
TASL~ ~4 Tamales, Bolinas and Bodega bays and Drakes Estero.

WETLANDS AND PERMANENT WATERS OF The annual waterfowl inventories have been con-
IMPORTANCE TO WATERFOWL dueled on a standard basis since 1953 and present a

Permanent rather accurate picture of birds wintering throughoutWedands Waters
Co .unty (In Acres) (In Acres) the State. The state-wide estimate is a composite of

Alameda 28,747 47,385 the counts made on known wintering grounds in each
Contra Costa ............................ I6,789 39,248 county. They are made by ground and aerial observers
Maria 12,077 68,450 and aerial photographs. The observers maintain sepa-
Napa 4,982 470 rate records for each of the more important species.
San Francisco .__ 29,250
San Mateo ............................ 13,518 3,205 Counts of the major groups of waterfowl for the years
Santa Clara 11,400 49,592 1953 through 1961 are given in Appendix G-3.
Solano.............................50,868 31,265 Since these inventories were initiated, the Bay Area
Sonoma ..........................9,103 8,200 has wintered an average of 15 percent of the ducks,

Totals for Bay Area ...............147,48-’-~ 277,065 10 percent of the geese, 26 percent of the brants and
swans combined and 18 percent of the coots. The

Totals for State ..........................359,302 613,495 actual percentage varies considerably from year to
year due to climatic conditions. In 1957, for example,Bay Area as percentage of State Total ........26.4 45.2 the Bay Area accounted for 42 percent of. the ducks
and geese, 29 percent of the brant and swans and 35

Wintering Areas percent of the coots.
Of the nine Bay counties, Solano County with the

Annual surveys by Department of Fish and GameSuisun marshes consistently harbors the most birds,
and U. S. Fish and Wildlife Service waterfowl biolo-followed by Contra Costa and Alameda counties.
gists have established the relative importance of differ-The principal species of ducks wintering in the Bay
eat sections of the Bay Area according to their useArea are ranked according to their order of abundance
by waterfowl. The wintering areas in order of im-in Table 45.
parlance to ducks at the present time are: r~tE ~s

1. The Sztisun Marshes (Benicia to Collinsville) PRINCIPAL SPECIES OF DUCKS WINTERING IN THE
2. The Delta Area SAN FRANCISCO BAY AREA IN RANKING

ORDER OF ABUNDANCE
3. The North Bay Area: Within this latter area PintaLl (sprig) Canvasback

specific locations in descending order o~ importance Baldpat~ Scaup
are: San Pablo Bay and marshes, Napa marshes, Peta- Mallard Gadwall
htma marshes, Richardson Bay and the North Bay Shovelers Bufiteheads
itself. Greenwlng teal Scorers

Ruddy duck
4. South Bay Area: Within this general area speci[ic

locations in descending order o~ importance are: A1- Breeding Areas
visa Slough, Alvarado, Alameda Creek, Stevens Creek,
Palo Alto area, the ¢2est portion of the Bay bet~oeen The Bay Area formerly was an important breeding
Dumbarton and San Marco bridges and the East Bayarea for resident ducks as well as a wintering area for
Area. migratory birds, particularly the South Bay marshes
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I from Hayward all along the south shoreline to SanThis waterfowl area consistently yieldsmanagement
MateD County. This area is now largely in salt ponds,the greatest number of birds of any such area in the
The best breeding area left is the Suisun marshes, at-State. During the 1956-57 season, for instance, the total

I though the marshes north of San Pablo Bay are usedkill on this area was 50,391 birds as compared to 21,460
to some extent, taken at Mendota, the next best area. Much of the dif-

An annual census is made of the breeding populationference, of course, can be attributed to the greater
in the Suisun Marshes. Surveys of the other areas arenumber of hunters using the Grizzly Island area, 14,829

I not considered practical because of the scarcity ofas compared to 7,764 at the Mendota area. Statistics for
breeding birds. Between 1953 and 1957 the Snisunother years are provided in Table 46.
Marshes were used by an estimated 2,000 pairs of

i breeding ducks. The average brood consists of about TABLE 46
five ducklings. Various mortality factors take a heavyHUNTER USE AND WATERFOWL KILL .ON GRIZZLY
toll of the small ducklings. ISLAND WATERFOWL MANAGEMENT

Anderson (1960) conducted a duck nesting study AREA 1950-60

i Averageof the Suisun marshes in 1959 and found the nesting Number Number Number Number
population to be low, encountering but 63 nests on Shooting Hunter Waterfowl Birds per
nine sample areas totaling 2,420 acres. Mallard andYear Days Days Shot Hunter per Day
cinnamon teal were the principal species using the1950-51 ..............25 4,564 4,897 1.1

I area. "Fluctuating water levels, extensive stands of1951-52 .... 30 9,646 17,723 1.8

tu!es and cattails and cracks in peat soilsalong 1952-$3 ...........35 16,047 44,126 2.8
" " ’ 1953-54 ...........32 11,936 41,218 3.5with predation..." are listed as factors adversely1954-55 .... 33 8,223 24,853 3.8

i affecting nesting. 1955-56x ........ 23 9,824 33,448 3.4
The species utilizing the area for breeding in general1956-57 ~_. 38 12,959 43,463 3.4

order of importance are: mallard, gadwall, cinnamon1957-58 ~__ 42 14,829 50,391 3.4
1958-59 --~ 45 15,857 42,135 2.7

teal, ruddy ducks, and shovelers. I959-60 _~ 43 11,571 20,382 1.8I The Bay Area is unimportant as a breeding area for we~’e re~onslble
geese, swans, and brant, n,,~= of htmthag days, use, mad total kill.

Grizzly Island is the most heavily used state manage-

I Hunter Use and Economics ment area, accommodating two to three times the

Ultimately, the preservation of our waterfowl re-number of hunters using other such areas in the State.

source will depend on man’s desire to retain it forThe area is used principally by local hunters, as Table
I aesthetic and recreational purposes and to a lesser ex-47 indicates. In the 1953-54 season, for example, 92

tent as food. Other things being equal, waterfowlpercent of the hunters were from the nine Bay Area

abundance is directly related to habitat conditions,counties.

I Therefore, man’s willingness to preserve and enhance TABLE 47
the habitat will govern the fate of the resource. Cer-RESIDENCY OF HUNTERS USING GRIZZLY ISLAND
tainly the present sporting interest and economics gen- WATERFOWL MANAGEMENT AREA
crated by the waterfowl portend the public desire to (1953-54 SEASON)

I preserve and enhance these resources. Number Hunters Percentage
Hunter Use. An idea of the importance of water-Nine Bay counties__ 11,054 92.6

Rest of State .....................800 6.7fowl as a form of sporting recreation to Bay Area resi-Unidentified 82 .7

I dents can be obtained from records maintained at the
8,600 acre Grizzly Island Waterfowl ManagementTotal ........................ 11,936 100.0
Area, Hunters are checked at this station as they go in

I
and out and the numbers using the area are regulated.An estimate of the total waterfowl bag for the State
The area was acquired by the State in 1949 throughhas been obtained each year since 1948 by means of
Wildlife Conservation Board funds, postal questionnaires. These questionnaires are sent to a

During the 1950-51 season when a total of 3,897random sample of the State’s licensed hunters, asking

I acres were open to hunting, 4,564 hunters bagged 4,897the number of days hunted, the kind and number of
¯ ducks and geese. By the 1958-59 season, 5,000 acreswaterfowl bagged and area hunted. The figures re-

were open and the number of hunters had increased toported on these questionnaires are somewhat exagger-
15,859. Their total kill was 42,135 ducks and geese,ated but they provide an overall picture of the annual

I This represents more than a tripling in hunter numberstrends in waterfowl hunting and a good idea of the
and an almost tenfold increase in the bag. There werestate-wide distribution of the kill.
45 shooting days (Saturday, Sunday, Wednesday, andThe records indicate the Bay Area consistently pro-
holidays only) during the 1958-59 season, each aver-duces about 25 percent of the state-wide duck total,

I aging 352 hunters and 936 birds, and 5 to 10 percent of the geese. The number of ducks
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FIG. 44 I

CALIFORNIA WATERFOWL MANAGEMENT
AND REFUGE AREAS !
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FIGURE 44. California waterfowl refuge and man(=gement areas.
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reported from the Bay counties generally runs on theSources of Mortality
magnitude of 700,000 to something over 1,000,000 asIn addition to reclamation and other water manipula-compared to the state-wide kill of 3 to 4 million. Thetion projects, waterfowl have suffered as a result of
reported kill for the years 1948 through 1960 is showaxpollution since 1900. As oil refineries were established
in Appendix G-� and Figure 47. in the Bay Area between 1900 and 1925 oil pollution

Hunter success in the Bay Area in terms of birds perbecame a particular problem. The recovery of oil from
hunter per season is consistently above the state-widethe waste of the andproducts plantswas poor, heavy
average. (See Appendix G-4.) Only the great rice-ship traffic and the attendant bilge pumping and flush-
growing areas in the Sacramento Valley offer bettering of oil tanks in the Bay aggravated the problem. Nor
hunter success, were these the only sources of oil pollution. It was

Economic Evaluation. Waterfowl hunting is prob-common practice during this period for garages to
ably the most expensive form of hunting in the State.dump their waste oils direcdy into sewage systems
It requires specialized equipment, special tax or licensewhich flowed into the Bay. In 1925, a Mr. C. M.

fees, often entails duck club fees land leases, andMcCay e4timated from data furnished by th~ garagesor

involves more travel than other types of hunting andin Berkeley and Oakland that 3,000 gallons reached
fishing. .~ the. Bay each day from this source.

The amount spent by individual waterfowl hunters"~:As early as 189Onaturalists studying the fauna of
has not yet been determined for California. However,the Bay Area noted the threatening aspects of domes-

it certainly is at lea~t as much as the average hunterde sewage pollution, particularly along the East Bay
expenditure, which in 1955 was determined to be just. shore. It is difficult to prove any appreciable water-

under $19 day. That.year there were 180,175fowl reductions as a direct result of pollution, butper
migratory waterfowl stamps purchased in California.there were undoubtedly indirect losses through reduc-
Assuming an average of 8 days per hunter, the totaltion of habitat. The normal healthy aquatic vegetation
expenditure in California on waterfowl hunting wouldand animal organisms upon which waterfowl feed
have exceeded 25 million dollars, become suppressed under polluted conditions and

eventually are succeeded by forms not usable. In some
One.approach to determining the economic value ofinstances, pollution has become so severe as to render

waterfowl in the Bay Area involves the use .of dataareas sterile to all but ~a few extremely resistant formsobtained by the U. $. Fish and Wildlife Service in aof plant and animal life.
national survey of waterfowl hunter expenditures. The
Service found that. it cost the average hunter $8.16 perOther Sources of Mortality
duck and $16.32 per goose. Applying these values to
the annual averagebag for California (Appendix G-4),The Bay area appears to be a focal point for such
the gross expenditure on waterfowl was on the .orderwaterfowl diseases as fowl cholera and botulism. Large
of 33:5 .million dollars. The proportion attributable toscale kills have occurred in the past and it is not un-
the Bay Area, oh the samebasis, is just under 7 millioncommon to find individual dead birds. Botulism out-
dollars, $6,500,000 for ducks and $420,000 for geese,breaks among waterfowl are abetted by organic waste

.... discharges. The decaying matter and the subsequent
Duck Clubs. There were at least 242 known pri-lowering of dissolved oxygen favors the growth of

rate~ ~lUckrdiubs located in theBay ~Area in 1937 withthe anaerobic bacteria which cause the disease. Water-
an aggregate of 68,320 acres. These: clubs are locatedfowl feeding in the vicinity of these wastes are killed
on the tidal marshes of Suisun, SanPablo and San Fran-by the toxins produced by the bacteria. A particularly
cisco bays. For the entire State there are probablybad area is in the vicinity of the Sunnyvale sewage
more than 1,000 clubs involving over 352,000 acres ofoutfall.
land. The actual number of clubs cannot be specifiedFowl cholera generally attacks the birds during the
since many are .temporary and others change handswinter.and usually only when they become weakened
frequently or consist only of a few members, makingdue to poor forage or environmental conditions. The
it difficult to obtain accurate statistics, infectious bacteria are picked up by weakened birds

The acreage in private duck clubs in the Bay Areaand quickly spread through their system, eventually
constitutes about 10 percent of the state-wide total,causing death of the bird.
Most are 10eared on permanent waterfowl habitat,Waterfowl disease experts of the Department have
whereas many of.those in other sections of the.Statealso .observed birds in the Bay killed by coliform or-
are temporary. ~ ganisms. Apparently, these bacteria become so abun-

It has not been possible to obtain an accurate esti-dant at times that waterfowl pick up a sufficient hum-
mate of the amount of money invested in these clubsbet of them to cause death.
but the lands alone are worth $150 to $300 per acre for
a total value of 10 to 20 million dollars in the Bay AreaWaterfowl for the Future
alone. Some clubs are extensively developed and worthFuture waterfowl abundance in the Bay Area will
considerably more than others, depend to a large extent on the quandty and quality of
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I
FIGURE 45a. Pintall or sprig. Most abundant duck wintering in the Bay area. Phoio courtesy U.S. Fish

and Wildlife Service.
!

FIGURE 45b. Mallard--Common resident duck of the Bay area. Highly favored both for sport and table. ¯
Photo courtesy U.S. Fish and Wildlife Service.

I
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FIGURE 46. A sanctuary at work. Wintering snow, Canada and white-fronted geese. Photo courtesy U.S. Fish and Wildlife Service.

suitable habitat available for wintering purposes. AnyIn the South Bay all but a few minor areas of native
reduction in habitat will result in shifting these birdsmarsh have already been reclaimed and presumably
to other more inviting areas or their r eventual loss.most of the North Bay will likewise be reclaimed in
Reclamation for agriculture has already eliminated athe future. It is difficult to foresee the extent, but cer-
large proportion of the original habitat and its accom-tainly, here also most of the natural marshland will
panying quota o~ birds. Industrialization and urbaniza-probably be eliminated. Due to the physical character-
tion has similarly encroached upon waterfowl habitatistics of the marshes and the numerous islands in this
around the Bay and continues to do so. area, reclamation may not be quite as complete as in

The need for permanent habitat is illustrated by thethe South Bay. The engineering firm of Parsons,
annual waterfowl inventories. In 1957, for instance,Brinckerhoff, Hall and MacDonald for instance, in
the lack of rainfall throughout the State prior t° thetheir study of the proposed rapid transit system for
January inventory, concentrated over 40 percent ofthe Bay Area, reserved the marshhnd north of Suisun
the State’s entire wintering population of ducks andBay and a small area on the South Bay as’ permanent
geese in the Bay Area as .compared to the annual aver-open land. It was their contention that these areas~ are
age of 18 percent for ducks and 9 percent for geese,unsuitable for urban, agricultural or industrial devel-

Many of the wintering areas normally created byopment.
fall and winter rains were dry and completely devoidEventually each acre of habitat will become increas-
of.waterfowl. Thus, while the Bay Area wintered twoingly important. Areas not now used because of pollu-
to three times its normal concentration, the State as ation should be rehabilitated, and the few remaining
whole was down 25 percent. Many of the birds stayedareas of unreclaimed native habitat should be pre-
in Oregon or Washington or continued south intoserved. Areas such as San Leandro Bay, Richardson’s
Mexico. Bay, and the area west of Mare Island behind the Rock
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FOR THE STATE AND SAN FRANCISCO BAY AREA
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FIGURE 48. Ducks killed by o;I pollution. The oi| saturates the feathers and prevents the dudes from properly shedding water thus preventing
flight. Photo courtesy Jack Van Coeverlng.

I Wail, are preferred by waterfowl for. the protectionwaters would, therefore, depend on a healthy bottom
they offer and could be extremely valuable for win-in the littoral zone and the complete absence of oil
tering waterfowl, pollution.

I Present waterfowl areas, less those lands which willA check of the State Lands Division records revealed
be reelaimed or otherwise rendered unsuitable repre-that the only State-owned lands bordering the bays are
sent the future waterfowl habitat of the Bay Area.the Suisun Refuge and Grizzly Island Waterfowl Man-

I However, areas such as San Leandro Bay, which areagement Area. Most of the tidelands, except those
currently of minor importance because of pollution,along the north shore of San Pablo Bay, have been dis-
could be made attractive to migratory waterfowl, posed of. Therefore, State-owned lands cannot be con-

The areas most likely to be maintained for water-sidered in any long range program to preserve water-

I fowl will be those already designated as ~refuges orfowl habitat, unless, of course, the State purchases or
" management areas, state or municipally owned marshotherwise gains tide to these valuable tidehnds and

and tidelands not specifically so designated, priv~atemarshlands.
duck dub lands, and the numerous sloughs, creeks andStudies by the Department of Water Resources reveal

-~    other waterways, the amount of niarsh land along San Pablo and Suisun
The open bays, of course, will always provide rest-bays and the acreage in various types of vegetation.

ing area for diving ducks. These species feed on bottomThe following three tables from Appendix E of the

I living, animal organisms, which may form up to 60~Bay Barrier report are helpful in outlining the poten-
or more of their diet. Their presence on these opential for waterfowl. Table 48 shows the amount of
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leveed and unleveed land around San Pablo and SuisunAccording to these data, there are 39,000 acres in
bays, while Table 49 indicates the principal types ofduck clubs and refuges, and 15,000 acres of unused land
vegetative growth upon these marshlands, for a total of 54,100 acres of waterfowl habitat. This

amount of marshland prgvide~ some optimism for the
TABLE 411 future of waterfowl in the Bay. However, the largest

LEVEED AND UNLEVEED MARSHLANDS ADJACENT share of these lands is in duck clubs, and, as was the
TO SAN PABLO AND SUISUN BAYS case in the South Bay, these clubs cannot be depended

Location Leveed Lands Unleveed Lands Total upon to maintain their holdings in view of the lucra-
San Pablo Bay 49,500 12,200 61,700 tire offers made for them by industry. On the otherSuisuu Bay 63,100 6,600 69,700

.hand, land for duck clubs is also becoming increasingly
Totals 112,600 18,800 131,400 valuable and this may result in a change in this out-.

look.
TASTE ,~9 UPLAND GAME AND SHORE BIRDSPRESENT VEGETATION ON MARSHLANDS ADJACENT

TO SAN PABLO AND SUISUN BAYS The Bay Area possesses a large variety of shore,

Area in Acres Area water, and upland game birds as well as waterfowl.
in Percent They also were very abundant prior to the turn of the

San Pablo Suisun of Total century. Many are considered table delicacies and be-
Classification Bay Bay Total Area fore they were protected, were hunted heavily for
Cultivated Crops1 24,300 5,900 30,200 23.0 the market. Several species are considered excellent
Native Pasture 11,400 11,600 23,000 I7.5 game birds.Marsh Grasses ~ 10,200 38,000 48,000 36.7
Aquatic Growth 6,100 12,400 18,500 14.1
Water Surface a 9,200 800 10,000 7.6
Miscellaneous 500 1,000 1,500 1.1

~ The California valley quail was by far the most
Totals 61,700 69,700 131,400 100.0 popular and abundant native game bird in the early

~ c~ie~y ~a~n ann ~aln ~. days. They abounded throughout the unforested por-
~ Salt grass~ iIfiekleweed, etc.
nIndudes salt t~onds in process o1~ devdopraent in 1954. Lions of the coastal mountains and in the drier parts

of the valleys.
Fully 50 percent of these lands are still in marshThere are several subspecies ofwhich t~vo are corn-

grasses and aquatic growth, thereby providing water-mon to the Bay Area, namely Lophortyx californian

fowl habitat. The other 50 percent is developed tobrannesoens and Lopbortyx californian californian. The
for agricultural purposes. Table 50 pro-mountain quail (Oreortyx plata palmeri) inhabits por-someextent

Tides data on the present use of these lands, tions of Napa, Solano and most of Sonoma County.
The first named species is found throughout the

coastal mountains from Monterey northward. Good
TASTE ~0 range and some h~avily populated areas are present

PRESENT USE OF MARSHLAND ADJACENT from San Francisco County southward. The second
TO SAN PABLO AND SUISUN BAYS is found on the valley side of the Bay Area and is the

Areas in Acres Area most ~videly distributed and abundant quail in the
in Percent State.

San Pablo Suisun ~of Total
Classification Bay Bay Total Area Quantitative data on the take of these birds for the
Agricultural early years is lacking except for a few records of the

numbers bought and sold through game transfer corn-Cultivated 24,300 5,900 30,200 23.0
Noncultivated (pasture) 14,00022,300 36,300 27.6 panics. In the 1895-96 season, for example (Appendix

G-2), these companies handled 177,366 birds worth
Subtotals 38,300 28,200 66,500 50.6 $15,116 of Which Bay Area counties contributed

Recreational Lands 15,326 birds (8.6 percent). As was hroughr~ out in the
Duck Clubs 5,100 27,700 32,800 2L0 waterfowl discussion, the numbers of birds reaching
Refuges .__ 6,200 6,200 4.7 the market centers were but a small fraction of the

total number shot.
. Subtotals 5,100 33,900 39,000 29.7 An account by E. B. Ralston (1916) gives an idea of

Other Developed Lands their original abundance in San Marco County. In
Salt Ponds 9,200 ...... 9,200 7.0 1861, his .father, John Ralston, captured 60 dozen quail
Miscellaneous 600 1,000 1,600 1.2 on their ranch on E1 Corte de Madera Creek. The

Subtotals 9,800 1,000 10,800 8.2 price in San Francisco markets was then 25¢ per
dozen. The author reported shooting 26 quail withUnused Lands 8,500 6,600 15,I00 11.5 one shot and a high of 192 with seven shots from a 14

Totals 61,700 69,700 131,400 100.0 gauge Parker shotgun. He contended that quail began
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to began migratory are set by U.S. Fish and Wildlifedeclinearound1869 whenthe Chinese birds the
ing and grubbing the hills and fiats and that they wereService. Jacksnipe or Wilson’s snipe (Capella gallinago
driven away from feeding and watering places and leftdelicata) is one of the few shore birds which has been
without cover by grazing horses and cattle, available to hunters in recent years. The numbers of

In 1956, there were 1,154,400 quail reported taken insnipe, dowitchers, plovers, curlews, willets and god-
the State by hunters on the annual hunter question-wits are greatly reduced from former levels. Over-
naire. The Bay Counties contributed 93,600 or abouthunting took a heavy toll originally, but reclamation
8 percent of the total. This is consistent with the fig-is responsible for their present permanent low level of
ures reported since 1949, which are shown in Table 51.abundance.

The numbers of these birds passing through theTABLE 51 markets in the 1895-96 season are shown in Appendix
ANNI.JAL QUAIL KILL G-2. Recent data are available on jacksnipe only, forBay. Area Kill

State-wlde Bay Area As Percentage which there has been an open season the last few years.
Year Kill Kill of State Total The annual kill in the State, of which the Bay Area
1948 1,714,391 provides approximately 20 percent, is given in Table
1949. ..............1,132,800 I04,500 9.2 52.
1950 1,129,100 119,300 10.6
1951 ..........1,432,100 124,600 8.7 TABLE 52
1952 ............1,644,700 171,300 10.4
1953 ............ 2,041,400 202,500 9.9 STATE AND REGIONAL JACKSNIPE BAG 1953-58
1954 ..............1,483,800 109,900 7.4 Percentage
195~. 1,295,900 115,500 8.9 Bay from
1956 ...... 1,154,400 93,600 8.1 Year State Area Bay" Area
1957 ...... 1,648,800 109,500 6.6 1953 44,200 __ ~1958 ..... 1,939,800 115,400 5,9 1954 14,500 2,500 17.2

I95S 19,500 4,3o0 22.1Ring-Necked Pheasant 1956 44,300 9,200 20.8

The ring-necked pheasant (Pbasianus colcbiczts) is1957 43,600 6,400 14.7
the largest upland game bird in the Bay Area and is1958 67,900 7,400 10.9

extremely popular with hunters. It is an Asian import
which thrives on agricultural lands. The ring-neck didMr. Donald D. McLean, formerly of the Depart-
well in the Santa Clara Valley when grain and rowment of Fish and Game, has permitted the use of data
crops predominated, but faded out, as agriculture thereon the shore birds of South San Francisco Bay garb-
shifted to orchards and row crops. They are nowered by him over a 14-year period. At comparable
most abundant in Solano and Contra Costa counties,dates each year, he spent one day in the spring and
The Bay Area contributes somewhat less than 10 per-another in the fall enumerating the birds. His data,
cent of the State-wide total. Most Bay Area hunterswhich include 14 species, are given in Appendix G-5.
depend on the rice growing areas of the Central ValleyMo~ of these bh’ds will never again be put on the list
for this sport, of legal game, but are being protected for aesthetic

and scientific purposes.
Other Upland Game Birds                          Other such beneficial.species, aSgulls, are Theyare

The Western Mourning Dove (Zenaidura ~aaroura scavengers which remove dead and dying fish and
marginella) is now the most abundant and widelyother trash from the water. The herons, egrets, pelt-
distributed single upland game bird in California.cans and similar birds lend incalculable aesthetic values
About two and a half million or more are shot byto the area.
hunters each year. The Bay Area total generally
ranges between 150,000 and 200,000 or a little less thanThe California clapper rail, (Rallus longirostris ob-

10 percent of the state-wide total. The leading coun-soletus), is a scientific rarity. This species at one time
ties are Solano, Santa Clara, and Napa. was exceedingly abundant. It was a highly prized game

The Pacific band-tailed pigeon (Columba ~asciatabird of about three-fourths pound and was one of the
monilis) is another of the Bay Area’s upland gamemore common species in the San Francisco markets.
species. The kill is not large but the total annual takeIt, too, has been drastically reduced by !and reclama-
for the region is about 10 percent of the state-wideLion. They are found only in association with pickle-
total which in 1955 was reported at 135,500 birds, weed (Salicornh~ rubra). Their food consists of

worms, insects and crustaceans which they dig from
Other Shore and Water Birds the tidal flats.

Except for ducks and geese, most shore and waterPollution is a definite threat to the clapper rail in
birds are now protected. Seasons and bag limits fortha~ oil or other pollutants which destroy the bottom
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organisms associated with the tidal flats eliminate theirtherefore endangers their existence. Furthermore, cer-
food supply, tain pollutants, particularly petroleum products, are

Quail, and doves inhabit the foothills, coastal moun-injurious to the birds themselves.
tains or drier parts of the valleys. Their diet consists

Other water birds such as gulls, cormorants andmainly of grain, weed seed, wild berries and insects.
As far as water is concerned, they require only a suffi-loons, depend upon fish, crustaceans, shellfish and
cient and wholesome supply for drinking purposes, aquatic organisms for food. Any form of pollution

The shore birds, on the other hand, depend on shal-which threatens these organisms also threatens the
low water and the shorelines for an adequate supplybirds. Since these birds spend most of their time on the
of food. Contamination of these waters and the bottom water, they are especially susceptible to oil pollution.

WATERFOWL, SHORE AND UPLAND GAME BIRD REFERENCES
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THE MAMMALIAN RESO,URCES
Science Congress of !940 proclaimed: "TheotterHISTORICAL ACCOUNT sea

Under primeval conditions, California was endowedis the rarest as well as the most valuable of all the fur-

with a varied and bountiful supply of wild game,bearing mammals ever known.")

among them the most precious furbearers in the world.Between 1727 and 1742 single sea otter pelts (from
It was the early fur trade more than any other singlethe Asiatic Pacific) sold .for $80 to $100 in China
factor that opened up the West, and the .Bay Areawhere it was the royal fur. Between 1775 and 1777
in particular, to world trade. The Spanish, French,England sold. 29,932 pelts to Russia for $90 to $100
English, Russians and Americans engaged in the Call-each. After that the price declined until the middle
fornia fur trade before 1825. American ships sailed1800’s when the scarcity of the animal again encour-
round the Horn and across the Pacific to China toaged good prices.
engage in this trade. Prodigious quantities of the mostIn 1812, Kuskof, a Russian engaged in the sea otter
valuable kinds of furbearers were taken-beaver, rivertrade founded the "Russian American Company" at
otter, marten, fisher, mink, fox, weasel, harbor andFort Ross, Sonoma County. His party also set up a
fur seals and sea otter. The Bay Area contributed moststation on the Farallon Islands.
of these species to the industry as well as many of theThe following paragraphs from Scofield(1954)
lesser varieties such as raccoon, badger, skunk, andflect the situation during this period:
others. Common mammals of the region are listed in"The Spanish~ explorations along the west coast
Appendix H-1. claimed the land for the Crown of Spain but little was

A great deal has been written of the early Californiadone toward occupying the country. Trappers in-
fur industry and a considerable amount of researchvaded the Central Valley of California, selling their
spent on its history. The Bancroft Library, San Fran-beaver pelts to the Englisk traders at Fort Astoria near
cisco, and Scammon’s~ Marine Mammals of Californiathe mouth of the Columbia River (1811) and Russians
are particularly excellent sources on the early histor, yestablished settlements ila .California, primarily to
of the fur and whaling industries in California. gather the. furs of ’sea beavers’ and secondarily to grow

grain to feed their nationals in Alaska. Spain, fearing
The Marine Mammals that Alta California might be lost to the Crown, de-

cided to hold. the new land by occupying it. Military
The Sea Otter. The first trade began as early asforts (presidios), civilian towns (pueblos) and church

1784 when a Spanish expedition headed by Senorsettlements (missions) were established. Trade with
Vicente Vasadre y Vega. traded abalone shells, beads,foreign ships was prohibited and a little later, under
and various metal articles to the Indians for pelts ofMexican rule, .the killing of sea otter was outlawed.
the sea otter (Enhydra lutris nereis). In 1785 SenorBut smuggling flourished, and the hunting of otter and
Vega organized and expanded the sea otter trade. Thesea lions was carried on by ships of several nations.
furs obtained were sent .to Mexico for tanning andThe most persistent hunting was conducted by the
thence to China in exchange for quicksilver which wasRussians and as early as 1804 they brought about 100
badly needed in the Mexican mines. Between 1786Aleutian Indians to the California coast to hunt otter
and 1790, 9,729 sea otter pelts and an unknown num-from skin canoes.
ber of seal skins were shipped to Manila, which ac-"Sea otter were abundant all along the coast but
cording to Senor Vega brought $3,120,000 ($321were especially plentiful around the Channel Islands
each), and the Farallons. The mild climate and abundance of

In 1786 France sent Conte de La Perouse to investi-food from the ocean led to a dense population of
gate the fur trade possibilities. Between Alaska andnative Indians along the Shore, especially in the Santa
California he obtained about a thousand sea otter peltsBarbara region and on several of the Channel Islands,

which he sold in China for $10,000. In view of theparticularly Santa Catalina and San Nicolas. The
peaceful natives of the islands were friendly but thecontrast in values cited above it is amusing to note
Aleuts played too rough. When not hunting otter they

the following comment by La Perouse. "Antecedentkilled as many men as they could find and carried off
to this year an otter’s skin bore no higher value thanthe native women. They were so efficient that in eigfit
two hare’s skins; the Spanish never suspected that theyyears (1812) the otter of the Channel Islands were be-
would be much sought after; they had never sent themcoming scarce and the population of native Indians
to Europe and Mexico was too hot a climate to supposeon the islands had been greatly reduced. Scourges of
there would be any sale for them there." (The Pacificmeasles contributed to the wiping out of the natives

I
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but a few survived and those remaining at San NicolasBryant (1915) reported that a Captain Wm. Smith,
Island were transported in 1835 to the mainland whereabout 1808, took 130,000 seal skins to China in two
they promptly died of measles, years for which he received about $2.50 each. The

"In this chronicle of killing, the sea otter were thesame source states the Russians took as many as 80,000
stake. The furs were very valuable and fantasticallya year at the Farallons. The records are not dear as
high prices were paid for them by Chinese Man-to whather these were Gu~dalupe or Pribilof seals
darins. These prices attracted the greedy. The otterbut both were probably taken up to 1833.
helped to settle California but they were reduced al-The Pribilof fur seal (Callorhinus ursinus cynoce-
most to the point of extinction till a belated state lawphalus) is a migratory animal which circumnavigates
of 1913 protected the remnant that was left along thethe North Pacific Ocean. It annually appears off the
San Simeon coast south of Monterey Bay." California coast between December and April but

Although the Russians are credited with taking ira-rarely comes ashore. They are usually observed off the
meuse quantities of these animals, the Americans hadFarallon Islands as they move northward.
already siphoned off the cream in the fur bonanza.The Guadalupe fur seal (Arctocephahts to,wnsendi)
Several ships out of Boston were engaged in the furis primarily a southern species which formerly inhab-
seal and sea otter trade, making regular trips aroundited and bred on the Farallon Islands. Records indicate
the Horn to San Francisco and other ports. Bancroftthat 73,402 were killed between 1810 and 1812 by
(1884) states that 16 ships were engaged in the furthe Russians. From 1812 to 1824, 1,200 to 1,500 were
trade as early as 1801, 15 American and one English.taken annually. After that only 200 to 300 per year
Upwards of 18,000 otter skins were collected for thewere caught although, over 1,000 were reported taken
Chinese market by the American vessels alone. In 1802in 1824. The catch continued to diminish until only
"more than 15,000 sea otter skins were collected and54 were secured in 1833. According to Starks (1922)
carried to China". Guadalupe fur seals bred on the Farallons until 1833.

Sea otter were particularly abundant about the Far-
allons and in San Francisco Bay. It is reported that theThe small harbor seal was also hunted until about

Russians took 1,200 skins from San Francisco Bay
1890. This species was common about the bays, with

alone in 1811. The~e is some disagreement on the"extensive" rookeries at the southern end of San Fran-

numbers taken thereafter, but one source states the
eisco Bay near Alviso, according, to Bonnot (1928)

Russians took 700 to 800 pelts in a single week in 1812.They also were eventually depleted by fur hunters.

Theyare reported have taken 50,000 skins within The Sea L~.ons. There are two species of sea lionsto
five’years after first settling here and about 5,000 an-common to the California Coast and which are rep-
nually thereafter until 1831. Grinnel et al (1937) ac-resented in the Bay Area fauna. These are the Stellar’s
corded at least 13,600 stdns to them although theysea lion (Eumetopias ]ubata) and the California sea
point out that valuable furs of other kinds were alsolion (Zalophus californicus).
taken in considerable quantities. A perhaps exaggeratedBonnot (op. cir.) states: "Before 1860 sea lions were
statement from a manuscript of General Vallejo refer-extremely numerous along the California Coast. Dur-
ring to the abundance of sea otter in the Bay states:ing the sixties they were commercially valuable and
"They were so abundant in 1812 that they were killedtheir numbers-¢herefore steadily decreased until the
by boatmen with their oars in passing through thelate seventies, when the products gained from them
kelp." (oil and hides) were bringing such a low price that

Over-hunting imposed a decline on this valuableit was unprofitable to hunt them." Quoting Scammon
species ~vhich was felt initially about 1820, but even(1874), Bonnot continues, "A few years ago great
after this they were found in fairly good numbers,numbers of sea lions were taken along the coast of
In 1830, 30 of a herd of about 1~00 near Point Sanupper and lower California, and thousands of barrels
Quentin were lassoed by a Senor Amador and threeof oil were obtained. The number of seals slain ex-
or four Indians. At the entrance to Sonoma Creek aelusively for their oil would appear fabulous when we
herd existed under the protection of General Vallejo.realize that it requires, on the average, throughout the
In 1847, 42 of them were shot by hunters who re-season, the blubber of three or four sea lions to pro-
ceived $60 each for the pelts in San Francisco. Afterduce a barrel of oil. Their thick, coarse-grained skins
1850 sea otters were extremely rare in the Bay Area.were not considered worth preparing for market in a

Fisher (1941) has done considerable research on thecountry where manual labor was so highly valued.
sea otter trade and is the source of most of the dataAt the present time, however, they are valuable for
for Appendix H-2 on prices of sea otter pelts, glue stock, and the seal hunter now realizes more corn-

The Fur Seals. Akhough the sea otter was by farputative profit from the hides than from the oil."
the most valuable of the Bay’s furbearing animals, itThe Chinese killed them frequently for the "trim-
was but a single item in the overall fur industry. Themings" (testes and penis).
Pribilof and Guadalupe fur seals were also huntedIn the past sea lions evinced considerable comment
keenly and their importance heightened as sea ottersfrom commercial fishermen who claim they con-
declined, sume large numbers of salmon. Although this contro-
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versy is still going on, it is doubtful that they causenually. From 1800 to 1825 the sea otter and fur seals
near the destruction with which they are charged,supported the trade and the available evidence indi-

Currently, their principle value probably js theircares that an estimate of 20 fo 30 thousand sea otter
attraction to tourists. The animals congregate in largeannually is probably not too high. The price per pelt
numbers around the Seal Rocks off the Golden Gateduring this period averaged from $30 to $50, making
where they are observed by thousands of spectatorsthe total value at the primary level $750,000 to
annually. 250,000 per year for sea otter alone.

The Cetaceans. The whales, porpoises and dol-After 1825 the number of sea otter were fewer but

phins might be mentioned since they have been im-
the trapping of inland furbearers took up the slack
and in all probability the total value exceeded that of

portant mammals in the past. Historically, most of thethe 1800 to 1825 era. Fur trapping continued as aPacific species were found along the California Coast,major occupation in California until after 1900, and as
and several species were very common, seasonally, offa matter of fact, as late as 1928 amounted to almostthe Bay counties. As a matter of fact, the Bay porpoise$470,000 at the primary level (raw furs).was common in San Francisco Bay. There is a reportedAlthough much more information exists in the lit-instance of a killer whale being taken as far inland aserature on the early fur industry of California andBenicia. A!l are scarce at the present time, but may bethe Northwest generally, the preceding account indi-observed occasionally in the ocean just off the coastcates the general magnitude and importance of the fur
of the Bay counties. Whales were the basis of an im-
portant industry which existed for many years in Cali-

resources during those early years. California, and
San Francisco specifically, was the center of this in-

fornia (see Commercial Fisheries). dustry. Originally, the Bay Area was a major source

The Inland Fur Bearers
animalsthemselves.

Even as the seal and sea otter resources diminished
About the time the coastal and oceanic fur industrylocally, San Francisco continued as a center of trade

began to decline, the Hudson Bay Company beganand principal port for fur expeditions to the Aleutian
to exploit California’s inland fur resources. Betweenand Kurile Islands of the north and west Pacific. Even-
1826 and 1845 the British sent parties out annuallytually, even those areas became seriously depleted and
from Fort Astoria and Fort Vancouver into the Sac-about 1903 international agreements between the
ramento andthe San Joaquin valleys as far south asUnited States, Canada, Russia, and Japan were drawn
French Camp on the San Joaquin River. up to protect these valuable fur resources.

These trapping expeditions must have been ex-
tremely profitable to justify the long overland tripBig Game Animals

year. appears Other important mammals prominent in the earlyeach It thatthegoldenbeaverwas one

of the most valued of the animals taken, and appar-history of the Bay Area include the Roosevelt elk, rule
ently was found in great abundance. McKay of Hud-elk, black-tailed deer, pronghorn antelope, and the
son Bay is reported to have taken 4,000 beaver skinsgrizzly and black bears. These are considered big game
on the shores of San Francisco Bay. At the time, theseanimals. The puma or mountain lion is also in this
pelts sold for $2.50 a pound or about $4 each. class but generally has .been relegated to the category

Thomas Farnham in 1840 stated beaver were veryof predator.
numerous near the mouths of the Sacramento and SanRoosevelt and Tule Elk. Elk are large membersJoaquin rivers and on the hundreds of small "rush-
covered" islands. Of them he said: "There is probably

of the deer family, the males of which possess ponder-

no spot of equal extent in the whole continent ofdensis°US antlerS.roosevelti)HistoricallY,extendedROOseveltalong the elkcoast(CerVUSRange tuna-America which contains so many of these much- from
sought animals." This area incidentally, is probablythe Matin Peninsula northward. These magnificent ani-

mals were once plentiful in Matin and Sonoma eoun-where MeKay was so successful, rather than the Bayties. An article describing an elk hunt in Matin County
itself, in 1846, by Joseph Warren Revere, "A Tour of Dztty

Little can be said of other varieties of furbearersin California", was published in New York in 1849.
and game animals during the early years because theyThe hunt took place on Point Reyes where a herd of
have not been individually or specifically treated innot less than 400 animals were reported observed. The
the early literature to any extent. Many of them, how-encroachment of civilization and hunting drove them
ever, are given frequent mention in the many treatisesfrom the Bay Area about 1870.
on the California fur trade. After 1850 they undoubt-Tule elk (Cervus canadensis nannodes) primarily
edly comprised the bulk of the trade, inhabitants of the Central Valley, were only found in

Economic Value. It is difficult to provide an ac-those Bay Area Counties bordering the Valley and
curate estimate of the economic value of the fur tradeDelta. Elk provided a source of excellent food as well
prior to 1922, but between 1800 and 1850 it appar-as fine hides. They were hunted heavily and greatly
ently amounted to two or three million dollars an-reduced by 1850 in the Bay Area.
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Grizzly Bears. The grizzly bears, of which twoarea they occupied, nevertheless brought about many
species (Ursus caifornicus and Ursus mendocinensis)changes in the land, particularly as a result of their
were represented in the Bay Area, were distributedintroduction of domestic cattle, sheep, horses and
throughout California, except along the crest andgoats. The domestic herds were large, and much spread
eastern slope of the Sierra Nevada. After the Ameri-out. In 1825 it is estimated that there were 1,003,970
can occupation about 1850, the livestock industryhead of sheep at the Spanish missions, and about as
which had been given a good start by the Spanishmany more kept by ranchers outside the missions
and Mexicans, became very prominent and ranchers(Miller, 1942)".
slaughtered the grizzly at every opportunity. They
were extremely scarce by 1900. The last one reported
in the State was shot August, 1922 at Horse Corral 1870 TO 1915
Meadows, Tulare County. Grizzly Peak, east of Berke-By 1870 the local fur seal and sea otter resources
Icy, is a reminder of this animal’s presence there,were insignificant, and although the Bay remained the

Black or cinnamor[ bears (Euarctus americanus) arecenter of the fur trade, the animals were hunted else-
still found within the confines of the area covered bywhere. The grizzly bear, Roosevelt elk, and rule elk
this report but they are very scarce, were extremely rare by this time due to excessive

Blaek,Tailed Deer. Black-tailed deer (Odocoileushunting and the ever increasing encroachment of civ-
ilization. The smaller furbearers were trapped heavilyhemionus coIumbianus) were an important source ofand the local game resources were exploited for bothfood and clothing to the Indians and early settlers.

The hides were also used for a number of domestichome and market.

purposes. Concerning their early presence (1768-1800)Lumbering, agriculture and livestock practices were
Longhurst, ct al, (1952) state: "Deer are mentioned byresponsible for game habitat destruction and the even-
Juan Batiste de Anza as being common in the Santual diminution of some species, while over-hunting
Francisco Bay Area ...." and the gradual settling of the Bay Area were primary

Pronghorn Antelope. The American or pronghorncauses of reductions in other species.
antelope (~lntilocapra amerioana) was a member ofBetween 1870 and I915, the public and the newly
the native fauna of the Bay Area, inhabiting the. val-created Fish and Game Commission, awzre of the loss
leys and eastern portions of the coastal range. Grinnellof these resources, initiated a number of legislative
(1933) indicates their original range included the openmovements to protect the wildlife resources .of the
hills of Contra Costa County. Presumably, similarState. More of these were directed at the fauna of the
habitat in Alameda, Santa Clara, Napa, Sonoma andBay Area than any other area of the State. Restrictive
Solano counties also were antelope range. Informationand protective legislation was enacted to benefit sea
on the early status of this animal is lacking, although itotter, fur seals, waterfowl, shore birds, deer, elk and
is known that there was a i]ourishing trade in Stock-other species.
ton and San Francisco for their meat and hides. For the most part, however, legislation was too late,

l~Iountain Lion. Mountain lions (Fells conooloror there was a direct conflict between man and the
¯ ealifornica) were apparently quite common through-animal resources which eventually resulted in the loss
out the State, particularly in the brushy and lightlyof the latter. Man’s activities often are not compatible
forested areas inhabited by their principal prey, thewith the wild creatures he wishes to preserve. Such
deer. In the Bay counties they were most common inwas the case of the grizzly bear, antelope and elk. The
Santa Clara, Alameda, and Sonoma counties, just assea otter was simply over-hunted, almost to the point
they are today. This animal has always been severelyof extinction, and their recovery was inhibited by
hunted .because of its depredations on deer and live-poaching, a relatively poor reproductive rate, high
stock. In recent years game managers and biologistsmortality of the young, and perhaps also the loss of
have concluded that the widespread killing of thesehabitat areas like San Francisco Bay, which appears to
animals may not be commensurate with sound gamehave been particularly favorable.
management principles.

A legislative act of 1906 provided for the payment
of a bounty on them and the practice has continued 1915 TO PRESENT
to the present even though actual depredations onSystematic quantitative game records commenced
livestock are rare. when the Fish and Game Commission licensed trap-

The livestock industry has had a profound affectpers and polled them as to the kind and quantity
on the entire native fauna. The wild animals wereof furbearers taken each season. The ftrst year for
hunted to eliminate depredation, trapped for their fur,which this information was available was 1922. It has
used as food, or lost grazing range to the large herdsbeen continued each year since. In 1927 accurate deer
of domestic stock. The latter is illustrated by a quo-kill figures became available when the "deer tag" sys-
tation from Longhurst, et al, (op. cir.). "The Spanishtern was inaugurated. Deer hunters have since been
settlers although few in number and restricted in therequired to purchase tags which successful hunters
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attach the deer in the field and rein to theThe fur market is influencedmust to no~ s~ongly by
Department of Fish and Game. fas~on, ~d economic conditions. F~s w~ch for-

SMce I948 the depar~ent has conducted annualmerly were used to provide wa~ clot~ng are no
po~al s~veys to obtfin hunting statistics, longer requ~ed. As a result, oily ~e d~k, short

ha~ed pelts ~e currently in su~cient demand to in-

T~ Trapping Industry terest trappers.
According to George Seymour, a Department of

Trapping is now of minor economic importance,Fish and Game specialist ~ this field, ~e present abun-
although approximately $100,000 wo~h of furs aredance of a number of the more deskable furbearing
taken annually (31 year average of $122,971) of whichspecies probably compares favorably with that of
¯ e Bay Area con~ibutes about seven percent (seeto 100 ye~s ago. However, because of the lack of
Appendk H~). The number of licensed wappers hasdemand and price for these furs ~e animals are not
declined from over 6,000 in the 1928-29 season to~apped.
about 600 annually at the present time. The numberO~ the ~enty or more species of furbearers wapped
operating in the Bay Area is somewhat I~s than tenin Ca~fo~a ~ recent years, the Bay ~ea consistently
percent of the state-wide total. The number of trap-con~ibutes about fourteen. Some of these, like
ping licenses issued in California each year since 1917coyote, ~e not ~apped for the~ fur, but rather as
is listed in Appendix I-3. predators.
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The number of furbearers taken annually in Call-future appearance in the Bay Area can only be specu-
fornia since the 1921-22 season is shown in Appendikfated upon, but it is logical to assume that any large
H-3. The Bay Area eateli is also shown; however, theincrease in the population would move them north-
figures shown prior to the 1937-38 season~ are estimatesward to the Bay Area, provided of course, suitable
based on the percentage of each species contributed byhabitat and conditions prevail.
the Bay Area to the state-wide total between 1938Sea otters are apparently limited to the offshore kelp
and 1956. It has only been possible to obtain separatebeds and rocky shorelines. The reproductive rate is
data on the Bay Area catch since 1938. About 4,000low, one pup per female every other year. The young
or 5.6 percent of the total annual number of peltsare born in the kelp beds. The food of sea otters con-
came from the Bay Area between 1938 and 1956. sists of long-spinet urchins, sea mussels, abalones, kelp

Four of the 14 species under discussion are strictlycrabs and occasional fish.
aquatic animals and the raccoon is generally associatedAs an indication of the value of their pelts under
with aquatic environments. The Bay Area, as mightpresent market conditions, t00 pelts from Alaska were
be expected, accounts for a proportionally greater per-sold in April of 1957 by the federal government for
centage of the State total of these aquatic species. Thisan average of about $!00 each. These were a miscel-
group includes the river otter, mink, beaver, muskrat,laneous collection of pelts from wounded or dead ani-
and raccoon. Otter, mink and muskrat are among thernaIs, as well as some .that were eonftseated from
most valuable of the wild furbearers, poachers and of which few were considered as prime

The 14 species and the mean percentage eontribu-
pelts.

tion of the Bay Area to the total State catch of eachFur Seals. Pribilof fur seals are strictly migratory
is listed in Table 53. The annual value of the fur catchanimals which each season move northward some dis-
for 1922-1956 is given in Appendix H-4 and illustratedtanee off the California Coast. They may be observed
in Figure 49. off the Farallon Islands, but rarely come ashore either

TABtE aS there or on the mainland. Under the protection of in-
THE MEAN ANNUAL PERCENTAGE CONTRIBUTION OF ternational agreements the number of these animals

THE BAY AREA TO THE TOTAL STATE CATCH has increased to the point that more than 50,000 pelts
OF, THE, PRINCIPAL FURBEARERS z were permitted to be taken off the Pribilof Islands

Species Percentage Species Percentage in 1956. The U.S. Government at its semi-annua! sales
Mink 21.9 Civet (spotted skunk) 14.0 sold 27,819 skins in April 1957 for $2,547,182, for an
River Otter 27.8 Ringtail 03 average of $91.56 per skin. Sales in October 1956
Muskrat 3.8 Fox 7.5 brought $2,714,852 for 26,890 skins or $100.96 per skin.
Beaver 4.9 Coyote 2.3
Raccoon 1~.9 Bobcat 6.4 Since the international convention of 1911 which set
Weasel 2.6 Opossum 93 up the machinery to protect them, more than a million
Skunk (striped) 11.6 Badger 8.7 seals have been harvested. The population, meanwhile,
xBased on data for the y~s 1938-1956. has increased steadily. In 1941 it was estimated at

1,600,000 animals, just 400,000 below the estimated

The Marine Mammals
population of 1860.

Guadalupe fur seals are no longer found in the
Sea Otter. Sea otters, which were on the verge ofBay Area, but they are increasing slowly, under corn-

exfincdon about the turn of the century, are nowplete protection, off Southern California and Mexico.
completely protected, and are making a slow but deft-Neither of the above species are likely to become
nite recovery. It is interesting to note the followingan important part of the Bay Area fauna.
comment by Grinnel et al. (1937) concerning their
future. "All these facts together with the recordsSea Lions. Both the California and Stellar’s sea lions
showing that within the last century and a halfthereare quite numerous along the shores outside the
have been at least two periods of profitable hunting ofGolden Gate, and are commonly observed within the
this animal, give basis for the belief that the sea otterBay itself. Their continued presence seems assured.
might again become a rather important part of theThey are given adequate protection by law, and there
coastal fauna of California. The. conditions for sub-is no reason to believe that other factors, including
sistence of the species probably remain about as fay-pollution, will affect their abundance to any great
orable as ever except for the presence of the humanextent.
hunter, and his activities could be regulated." Harbor Seals. Harbor seals, unlike the preceding

An estimate by D. D. McLean, of the Game Man-three species, are common residents of the Bay and
Branch of the Department of Fish and Game,have been observed by the writer as far inland asagement

places the current number along the California coastGrizzly Bay. A rookery still exists in the south end
at about 1,000 individuals. They are located off Mon-of San Francisco Bay. These curious little animals are
terey and San Luis Obispo counties. Stragglers maya prominent part of the local fauna and should be pre-
appear off the Bay counties but this is unusual. Theirserved. Legal protection from hunters, however, is
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.,~e:a~md car                     ,,            ,est

.... ~e r~eeoon ~s considered by some people to ge ~’ ~ ONy:3,200 tree squirrels were ~ken for Z7 percent
choice ~icle of food, and is capt~ed specifically for of the state-wide to~ of 41,700. Those represented ~
t~s p~ose, the Bay fauna are the western gray squ~rel .(Soiurus

Prospects for this species are eneo~aging. Theregriseus), eastern gray sq~rrel (Sciums carolinensis)
~e e~ensive ~e~ of favorable raccoon habi~t inand the fox sq~rel (Sciu~s niger).
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may ~lso,lbe~! present, in Matin and Solano COunties. ditions as ~he :foliowmg
Department game kill records were not rdesigned to

et al. (op, cir.)rindicate. ’!Ralph S: Roy, who spent a!l
obtain the county of kill for bears until 1957; sinceof his 68 years on a 2,000 acre dairy ranch near La-
that time only two have been reported and thesegunitas, Matin County, was 14 years old (1894)when
were taken in Sonoma County. he saw his first deer and it was several years before he
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’ tr’

’ : ,,", ’,,    , , MonficeRo SantaRosaPetaluma SantaC~ Mt.Diablo Mt;H~lton T0t~s

~le), (1947=1949) " 24 19 24

6, ~ated W~ter deer densi~ (deer per squ~e
m~e) (1947-1949) 24 19 24 I0 I~ 18

7, ~ated total deer n~be~ (1947-1949)~ 26,00026,~ 18,~ 9,~

~ Abet Lon~u~t et ~ (1952).
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I in detail in Table 57. The TABLE 57presented populationmore
of these animals has remained rather static in the State NUMBER OF MOUNTAIN LIONS BOUNTIED ]906-1955
since 19t1 or so iudging from the bounty records. County 1953 1954 1955 1907-1955

I McLean (1954) has place~d the total population of the Alameda ................... 2 ~ 5 49
State at close to 600. , Contra Costa .................1 1 .... 3¯

Bears and mountain lions are extremely rare and each MaTin ...................... 1 ._ 4
Napa ............................... 4

i will probably conth~ue in their present low abundance. San Marco .................... "-~ 2
Deer on the other hand, have unquestionably increased Santa Clara .............. 7 3 7 186
in numbers since the 1800’s. The population is now Solano ......
maintained at a relatively constant level by hunters; Sonoma ........................... 36

Totals ..........................10 10 13 284I When they become so numerous as to cause damage toState-wide Totals ....... 181 160 184 11,390
agricultural crops special hunts may be held. Percentage from Bay Area 5.5 6.3 7.1 2.5
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| COMMENTS REGARDING CHANGES IN THE FiSH
.¯ AND WILDLIFE RESOURCES OF BAY AREA

i The purpose of this section is to reiterate some ofFrancisco Bay compare in magnitude with those of
the changes which have occurred in the fish wildlifeformer years. Considering present conditions in San

¯ resources of the Bay Area and to discuss the reasonsFrancisco Bay it is improbable that the Bay supports
for them insofar as possible. Where appropriate, it willan equal or greater population of anchovies.I also be indicated where information on the magnitude,Herring, smelt, and whitebait catches in the Bay
value and recreational importance of the resource isArea have not changed appreciably since 1915. It is
lacking, and if possible, to indicate what must be doneprobable that these three species could support heavier

I to obtain the necessary information, exploitation than they are now sub}ected to.
There has been an appreciable decrease in the popu-

COMMERCIAL FISHERIES lations of the schooling, pelagic bait, and forage fishes
within the Bay during the past seventy years, judging

I Records of commercial fish landings are availablefrom the conditions described in the early literature.
subsequent to 1915. In general, catch statistics overFor example, the pa{acity of these fishes in the South
long-term periods can be indicative of the conditionBay at the present time is in strong contrast to the de-
of the resource. However, they are not always a truescriptions of their abundance some eighty or ninetyI index of abundance since consumer demand, vagaries other factors could be citedhay-yearsago.Perhaps aS
of weather, wage disputes, technical advances anding an adverse effect on this group of fishes, but cer-
other factors may influence the catch greatly. Suddentainly none is more obvious than pollution. Large areas

i changes in the rate of exploitation, caused by the dis-of the South Bay are, and have been, po!luted since
covery of new uses or obsolescence of fishery prod-before the turn of the century. The littoral zone and
ucts, further complicate the interpretation of catchtidal flats have been particularly affected. Gene)ally,
records. As an example, the landings of a particularthese areas are the most frequented by fish since they

I fishery may gradually increase over a period of time,are more productive of food organisms.
giving the impression of a healthy resource; however,There is a tremendous void in our knowledge with
the increased landings may be due to an increase harespect to the seasonal abundance and use of the Bay
effort or efticiency of the forces exploiting the re-by this group for spawning. There is a definite needI source rather than an increase in the size of the stock,for these lines aid in the ira-study along to evaluating
Thus, a fish population may actually be declining whileportance of the Bay to fish and wildlife. Herring, for
landings are on the increase. If such a condition shouldinstance, which are forage for many other fish species,

i continue, a sudden decline may be expected, spawn in the Bay; thus, ff the Bay is an essential feature
of their life history, its degradation by pollution would

The Schooling, Pelagic Bait and Forage Fishes be reflected in the piscivorous species which feed upon

Several noteworthy changes have taken place inherring.

i this group of t~shes. The most outstanding is the rise
and decline of the sardine fishery. The fishery reachedFlatfishes
tremendous proportions as the industry developed anAt present, the entire flatfish catch of the San Fran-

I expanding market for sardine products. The Bay Areacisco Bay- Area is taken in the ocean. The average
fleet entered the sardine picture in earnest about 1925.annual catch during recent years has been about four
Landings gradually increased until 1939; then, aftermillion pounds or about one-half of what it was be-

I a few more years of good fishing, the fishery cam-tween 1915 and 1937. The rapid decline in the fishery
pletely collapsed. Bay Area landings plummetted frombetween 1938 and 1942 was caused by the sudden shift
over 284 million pounds in 1944 to less than 300,000to shark fishing. A large proportion of the fishermen
pounds in 1948. Overfishing is presumed to be theof the San Francisco fishing fleet are of Italian birth,

ii principal cause, although oceanographic factors mayand when World War II broke out, they were re-
also be involved, stricted from fishing as a security measure. As a result,

Anchovies, like sardines, are principally caught inthe landings dropped severely. Landings have now
the ocean. There is no indication that the population.recovered to about one-half their former level, but

I off the Bay Area has undergone any appreciablefurther increases can only be expected to occur slowly,~
change. Since they are not taken in the Bay, there isFlatfishes are no longer taken commercially in the
no way of knowing how the stocks which enter SanBay itself. The industry has shifted to the north where
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the most suitable species for the fillet and frozen fishPollution appears to be the major factor contribut-
trade are more abundant. The species taken in theing to the downfall of the oyster industry in this area.
ocean off San Francisco have been used primarily inThere are still extensive areas available for oyster cul-
the restaurant and fresh fish trade, However, dealersture but water quality is inadequate to produce a sat-
are able to supply the latter trades from their Opera-isfactory product. Health agencies have quarantined
titus in the north, and therefore need not operate out

many sections .of. the Bay .as possible, sources of con-

of San Francisco, These are the primary reasons therumination.
landings in this fishery are now below those of formerIt would be most desirable to restore water quality
years, conditions in the Bay to a level compatible with oyster
~ Pollution, therefore, probably has not affected theculture, The potential in this industry, as discussed in
flatfish tishery insofar as the quantity of the landingsa previous section, is tremendous.
is concerned. However, it should be reiterated hereA few pollution-tolerant species of clams are still
that there is a remote possibility of the Bay being aquite abundant around the Bay, but in the main the
nursery area for several species of flatfish taken in thepublic health hazard renders them unusable for human
ocean. The actual relationship between the immatureconsumption.
fish in the Bay and the adults taken in the outside
!ishery is not known and deserves investigation.

Crustaceans
On the Atlantic Coast, the dependence of flounders

on estuaries has been well documented. ’ Crustacean landings in the Bay Area since 1910 have
consisted primarily of the market crab. Annual pro-
duction of this species has consistently exceeded four

Bottom .Fishes million, pounds for the last thirty years. Although wide
Bottom fish, such as lingcod ~nd cabezon, enteringfluctuations appear, there has not been a major change

.the .commercial fishery, are taken entirely in the ocean,in the fishery and it may be assumed to be in good
L~dings in the San Francisco Area nnderwent acondition.

reduction between 1936 and 1950 but .are nowThe Bay shrimp fishery is now lagging far behind~,~vere
!;e.co.yering. The cause for the .reduced .landings wasproduction of former years....~his is due in part to
economic (lack 0f demand) rather than a scarcity ofeconomic conditions, .in part to restrictive legislation
fi~i. . ’ and, perhaps, to s0me exten~, to pollution. Here, again,
:?.: These fish have not been taken commercially in theis[ aI c.ase in which the catEh data fail in properly up-
Bay for at least thirty years, and, therefore, there isprasmg the condition of the fishery. Economic factors

no.Nay to compare their present abundance with thathave depressed the landings and it is impossible ,to

ofie.a.rlier years. It would require a special study toknow exactly how abundant the species is. Nev, erthe-
determine the abundance of bottom fish in the Bay..less, it. appears that the .r.~sottrce. has dwindled a.ppre-

’ : ’ dably from former levels.
Shrimp is a major component of the diet of a great

$~,arks~ Skates, and Rays " nmnber of fish species in the Bay, and factors favoring
.~,~k maior change in this fishery, occurred betweenthe fishery would serve to:beaetit flaose species as well

~ ’ ’ ’ as bolster the :shrirnp"~hafl~&"1938 and I942 when the annual landings soared to
more than 5,000,000 pounds as compared to a normal ....This is anot, her species about ~vhich’. accurate’infor-
200,000 to 400,000 pounds. This abrupt inc~-ease inmarion on present distribu?_jon and abundance is:,lack-
landings was triggered by a demand for the oil ofing, An intensive study of Bay Shrimps woutd be most
siSup~ti sIi~fl~ iivers;.a rich source of Vitamin A, Whendesirable from the standpoint of the condition of the
g~nrh(tic Vitanain A product was developed, ther.esource and.: its relation to polljKion in. the Bay and
fi~,fihfy subsided to it~ normal level. There is no evi-to, review thepotential of the resource with,respect
dehd4-indicating, any change in-the fish populatiot~to further commercial exploitation.

.~olluskS ....’ -’ .~.. .... The fishery, for these"spe~ies was relatively stable.
"~ rFhe molln~dan-~fisheries of the BayArea.have under-In 1953, the legislature dlSoh~hed the e0iiiinercial cat’-
I~tlne a tremerldt"~a, change from" the,~ heyday ,Of thefish fishery, after investigation indicate~:~"decline in
~{gT,:t89~’s: The laments dropped COktinuously untilthe resource and ~a growing, sport fishery ~vith com-
~I~)30 When the inff~dnc~ion of die Pacific oyster re’-.peting demaridg: for :the availabt~ fish.’ ,T’hen~ in 1957i
s’ti~tedin a ,temp6~aary" increase,’ Howevei’,:efforts’:a~ when the salmon and shad gilDn’& fisheW was banned,
~tt.urin~g this species..in the,:BaF~! Area have subsidedcommercial fishing virtu~l~y Caused iwthe Delta, and
i~’t~til, at ;~he prese~at, time tl~O l~6tal atnoufit producedthe’ roughfish also drol~d 0~it ofthe OSmmetcial
in the San Francisco Area is less than 400,000 pounds.,~..a~ }landings.
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I " ~~NADROMOUS FISHERIES        has .been subjected to hook-and-line fistiing 6itl~;;.. ex-

eept for fish which were taken ineidentaliy wi{iti:~hadAny detailed analysis of the factors affecting the    and "~dmon by the gill net fishery, The sport~’fishery

I abundance and landings in this group of fishes would.
be exceedingly., difficult. Environmental conditionsis so intense it is befieved that up to 25 pei~eent of all

. have been so, greatly modified by man’s activities thatlegal-sized fish are removed from thefishery each
it is virtually impossible to.,ascertain 1;l~e relative effectA reviewof the catch records anff 0ther’p~rtinent

I of any one factor ,on these resources. ’ data re;cealed a decline in the fis.herY t[rond.!944~
i ...... through 1955. As a con.sequence, furtherrestrietion~

¯ in size anal bag l~mits were put intoeffec~"~6 ’l~Xqi~g
King Salmon " "" "" ~ ’ ~ ~ ’ the fi~l~ery ’into’ balance:" Th~s appeai~: ~0 h~v~ be~ii

I The commercial fishery formerly consisted of theaccomplished.
gill net fleet, which always operated inside the GoldenUnder present conditions, it appears that the sport
Gate, and the ocean troll fleet. The former was abol-fishery is now exerting sufficient pressure to have a

I ished by the legislature in 1957. definite influence on striped, bass stocks. The govern-
ing factor, however, lies in the change in environ-The gill net fishery landings exhibited tremendous
mental conditions. These have been modified sofluctuations from year to year throughout the re-greatly over the past fifty years that there has beencorded history of the fishery. However, the trend overI art appreciable loss in the total habitat available tothe ninety-year period for which catch figures arestriped bass.available was downward. The 1957 catch was the

smallest ever recorded. At least three adverse factors, excluding angling, are
affecting the striped bass population: reclamation,I There are several explanations which could account and pollution. It wouldwaterdevelopmentprojects,

for the decrease. One cause can be ascribed to waterbe next to impossible to evaluate the relative impor-
development projects in California. Virtually everytahoe of each. Reclamation, many years ago, resulted

i permanent stream the full length of the Central Valleyin extensive habitagchanges which removed rich nuts-
has one or more dams constructed across it. Thesecry grounds. Water deve!opment projects have modi-have eliminated spawning areas and adversely affectedfled temperatm’e, flow, and salinity patterns in thetemperature and flow regimes. Unscreened water di-Delta and in spawning areas, and numerous diversions

I versions also take a heavy toll of small fish. take a heavy toll of fish. Pollution has resulted in an
Since both the gill net fishery and the ocean trol!extensive loss of habitat, destruction of forage organ-

fishery operated on the same salmon stocks the latterisms, and, frequently, in the outright killing of the fish
certainly contributed substantially to the reduction inthemselves.I a increase The absence of striped bass in many areas of thethe gill netlandings.Therehasbeen large
in the size of the ocean troll fleet and its catch overBay may be taken as rather clear evidence of pollution.
former years as well as a spectacular .increase in theSouth San Francisco Bay in particular can be cited,

I ocean sport fishery in the last 15 years, and there are other once-favorable localities which are
Although the salmon resources certainly have beennow similarly devoid of striped bass.

overfished at various periods throughout the last 50
or 60 years, it is quite unlikely that overfishing alone

I has been responsible for the long-term decline. Shad

Pollution has also been involved in the salmon de-Shad landings, in the past, have been influenced
dine. However, it is impossible to demonstrate thestrongly by economic conditions. Generally the catch

I relative effects of pollution on the re.source. Miningwas considerably less than the fishery could have sup-
and logging pollution and silt have been prevalent inplied. Nevertheless, there appears to have been a deft-
some streams, domestic sewage and dairy pollution innite decline in the fishery, unrelated to economic con-
others, and cannery and winery wastes in still others,ditions, and presumably caused by the same factors

I Along the Bay proper, the numerous industrial wastewhich have influenced salmon and striped bass popu-
ouffalls threaten the small downstream migrants whichlations. The most signiftcant recent development with
are inadvertently swept into the vicinity of them.respect to the shad resource is the evolution of the

I Untreated or inadequately treated domestic sewage,sport fishery in the past few years.
. discharges both in the Bay and in upstream tributaries

create similar problems.
WATERFOWL

..~[] Striped Bass There has been a decided reduction in the water-
fowl of .the Bay Area, both in resident and wintering

Generally spealdng, this fishery has remained rela-populations. Reclamation of the marshlands and tidal

i tively stable. The species was completely removedflats has unquestionably been the major causative fac-
from the commercial category in 1935 and since thentar in the decrease, Most of the breeding areas around
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the Bay have been eliminated, reducing the number ofwhen wings and feathers have become coated with oil
resident waterfowl tO insignificance. There are stillor other petroleum products floating in the water.
extensive areas used by birds for wintering purposes,Although marginal areas undoubtedly would harbor
but the prime habitat is gone. In the early .days, over-greater numbers of birds in the absence of pollution,
hunting was undoubtedly a serious factor in diminish-relatively few areas are so contaminated that birds can-
ingwaterfowlnumbers., not tolerate them. Nonetheless, the destruction of

Pollution has affected waterfowl and shorebirds inaquatic plants and the bottom fauna by polluting sub-
the Bay Area through both habitat destruction andstances contributes to the scaricty of waterfowl and
direct mortality through disease organisms and toxicshorebirds. Birds can make only limited use of areas
substances. In numerous instances, birds have been lostwhich do not provide food or shelter.
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ECONOMICS OF THE FISH AND WILDLIFE RESOURCES
OF THE SAN FRANCISCO BAY AREA

In this section of the an attempt is made to investments in the resources insofar as they could bereport
summarize the available information on the economicsdetermined.
of the fish and wildlife resources of the Bay Area.The numbers of angling, hunting and trapping li-
Collectively, the resources, by whatever means of anal-censes and sales of commercial fishing licenses since the
ysis, generate an economy of tremendous magnitude,inception of each are given in Appendices I-l, I-2, I-3

Unfortunately, a standard method has not yet beenand I-4, respectively. It is interesting to note that the
developed for expressing the value of sport fish andnumber of anglers and hunters is increasing at a more
wildlife resources. Various agencies may use differentrapid rate than the general population.
methods to estimate the value of the same resource.

Unlike most things subjected to economic analysis, FISHERIES
fisk and wildlife, or water in a flowing stream or in aCommercial Fisheries
lake, have an aesthetic value over and above the actualThe fisheries products marketed at San Francisco
wealth which they generate. A uniformly acceptablesince 1941 have yielded from less than three to more
means of integrating this intangible element into anthan five million dollars annually to the fishermen.
economic formula has not yet been devised. During the five-year period 1951-1955, the ex-vessel

There are several common methods of analysis,value has average $3,457,206. The retail value of most
Those most often emptoyed are based either on grossfresh fish products is about three times the ex-vessel
expenditures or on the primary or net value of thevalue, and for canned or specially prepared products
resource, five to ten time~ the price paid to the fishermen. The

The gross expenditure by an angler or a hunter fortotal value of these, products therefore, at the con-
example, usually far exceeds the actual market value ofsumer level, could conceivably range from a minimum
the game which he seeks. For example, economic sur-of $13,500,000 to more than $18,300,000 annually, as
veys have shown that it costs the average angler moreshown in Table 58.
than $16 to catch a single salmon or steelhead. Obvi-

In the anadromous fisheries section of this report,ously, this cost exceeds the food or commercial value
it was reported that 70 percent of the California salmonof the fish by a considerable margin, landings are from stocks which depend on passingProponents of the gross expenditure method main-safely through the Bay Area. On the basis of therain that the expenditure incurred by the participant,1952-56 catches, $2,000,000 annually was attributed toover and above the commercial value of the game,these commercial salmon. Only one-half this amountreflects the aesthetic and recreational value of the re-
Js reflected in the $3,457,206 shown above since thesource to the participant,
other half of the salmon is landed, and the value ac-The other extreme, of course, is to consider onlycredited to the fisheries north ot: San Francisco. Inclu-
sion of this additional $1,000,000 puts the total annualthatvaluewhichtheresourcewonld commandon the

market at the prhnary level This is usually comp]i- ¯primary value of the commercial fisheries of the Baycared by the fact that few game species are sold corn-Area on the order of $4,500,000.mercially. This method obviously neglects the recrea-
tional and aesthetic qualities enth~ely. A further breakdown wonld show the crustacean

VChere strictly commercial fisheries are involved,fisheries valued at approximately $650,000 per year
the problem usually does not exist. The value receivedand the mollusks at about $50,000 annually, at the

by the fisherman (primary value) less the overheadprimary level.

is usually used. Pelgen (1955 b) in evaluating the effects of a salt-
But in the case of salmon, which is both a commer-water barrier on fish and wildlife, assigned a value of

cial and sport fish, the proportion of the resource$6,17L000 to commercial fisheries and $26,500,000 to
subject to exploitation by each is usually consideredsport fisheries. These values are not directly comparable
separately, with those presented above since the later include only

In the following discussion the gross expenditurethat portion of the ocean catch which would sup-
method is employed in assessing the economy of theposedly be influenced by a barrier in San Francisco
non-commercial wildlife resources. Commercial fish-Bay.
cries are generally evaluated at the primary or ex-It has not been possible to secure reliable informa-
vessel value. Estimates are also given of the capitaltion on the total amount of capital invested in the
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commercial fishing industry. There apparently is noThe latter study showed a mean daily expenditure
agency which maintains such records. However, con-figure slightly higher ($14.27) than the former
sukation with officials of various organizations affili-($12.60), for freshwater fishing. Presumably this is
ated with...the..commercial. .~ fishing industry. ,.~has made...~ ! ....::.reflection~of.the~., ....... higher cos~: of...trou~ iangling, which
it possible to provide an approximate magnitude of    was not represented " in KirnSe~’S kudy~ Mahoney’s
such investments. Considering also:ithe .numbei~ .. and~ :.. ::. : results indi&ate a total statezWide expenditure of almost
size of processing plants, fishing vessels, gear arid otfier ......$2~7,000’,000 in Cali~0rnia 6ri:"all forms of freshwater
shore property such inyestments would appear to ex-(inland) fishing and $92,000,000 on saltwater fishing.
ceed $25,000,000. The v~ilue of equipment used in that.According to Department of Fish and Game postal
segment of the fishery east of Carqninez Bridge wassurveys, roughly 20 percent of .the state-wide catch
assessed at $600,000 by the industry. This is the amountof ~varmwater fish and somewhat less than I0 percent

. of. claims presented to the State Board of control forof the trout catch is made in the Bay counties. Assure-
damages suffered when the legislature pr0hibked corn-ing effort (angling days) is approximately propor-
mercial fishing in this area in 1957. tional to the catch, it may. reasonably be inferred that

15 to 20 percent of Mahoney’s freshwater expenditure
Sporf Fisheries figure or bet~veen 34 and 45 million dollars is attrib-

utable to freshwater angling in .the Bay Area. These
Salmon. An earlier stud~.by.Pelgen (195~ a) indi-figures, of course, include a portion of the silver sap

cared anglersspendabout $1o,ooo,oooannuanyon m0n and steelhead angling expenditures previously dis-salmon fishing. Since as much as70 percent of Cali-    cussed. ’
fomia’s commercial salmon catch originates in the
Central Valley, it appears reasonable to make the same     " Saltwa~:er Sport Fisheries. Mahoney’s survey indi~

salmon. It is the writer’s cared the average daily expenditure for saltwater an-assumptionfor sport-caught
belief, however, upon considering the characteristicsfling was $12.51. Clark (1953) established that a little

of the sport fishery, that the coastal salmon Streamsmore than 2,500,000 angling days were expended on
probably account for closer to 50 percent of the an-saltwater fishing north of Santa Barbara, excluding San

nual spor~t ~s.almon expenditures. Thus, the gross expen-Francisco Bay. Assuming that one-third or 825,000 of
ditures on the prop0~on of the salmon sport t~sherythis number is attributable to sporffishing in the ocean

dependent on Safe .passage through the Bay is at leastoff theBay Counties each year, the annnal expenditure

$5,000,000 andperhaps as much as $7,000,000 yearly,of the saltwater sport fishery of Bay Area is on the

These estimates are based on the average cost and totalorder0f $10,300,000.
number of days spent salmon angling. No distinctionThe distribution of angler expenditures for these

is made between king and silver salmon, forms Of fishing, is given in detail in Appendix 1-5.
As indicated in the anadromous fisheries section

Ste.elhead. It was.shown in the steelhead discus-there is a tremendous business built around the sport
si0n that an estimated 58,000 days were spent steelhead
ang~ng in the Sacramento-San Joaquin river systems ..- TABt~ ~8
in .i953. ~t’" is" reas0nai~ie.to assume at least a thirdECONOMICS OF THE BAY AREA FISHERIES RESOURCES
a~~many are also spent.in the numerous steellaead.~ Level of Evaluation
streams of the San Francisco region. This would bringResources Primary Ultimate
the total to about 80~000 angler days per y.ear depend-Commercia~ Fishery Products
ent.tn a fishery either Originating in or dependentSalmon ................... $2,000,000 $~,000,000

upon safe passage ~hrough ~he Bay. At the average CostMollusks ............. 50,000 . $.~0,000 " ~00,000’
of $18 per hngler day for this ~ype of fishing, angle~

Crustaceans ............ 650,000 1,95o,ooo. 6~5oo,ooo
.̄ Fresh Fish (other than

e,Penditures are on the order of $1,4.40,000 annually,salmon) :I,760,00 5’280’0001
Striped Bass. The .average daily expenditure per. Estimated Average

striped bass angler, as determined by Pelgen, was about Annual Commer-
$9, wlfich when multiplied by the number of days cial Value ..........$4,460,~J00 $13,380,000 --$18,280,000

’ spent fishing (2,000,000 annually) gives an expenditureSport Fishing Expenditures
of $18,000,000 per yefir. Approximately $100,000 ofAnadromous fi.sheries
this ’is spent for party .bo~t .fares each year. Salmon .........................$5,000,000

Steelhead .....................1,440,000
" Freshwater Sport Fisheries. Estimates of the eco-~ Striped Bass ..................... 18,000,00
nomic values of freshwater fisheries of the Region areAll Freshwater Fishing in Bay" Area~ ............ $40,000,000
lacking. However, Kimsey (1957) by personal inter-All. :Saltwater. Fishing in Bay Area~, . . .................... 10,300,000

view obtained data on the daily expenditures directlyTotal Estimated Annual Sport
related to angling for warmwater species at representa- Fishing Expenditure ...........................$50,300,000
rive lakes throughout the State. Mahoney (1960) con-~ae ultimate level as used here re[exs to the value o~ the ]products to
ducted an extensive postal survey to obtain similar datathe consumer (See text t~or explanation).

~Anada:omous sport lashing expendituxes are included ~n these figoxe~in a comparison of saltwater and freshwater angling..(See text),
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fisheries of the Area. Estimates of the total invest-statistics. Therefore, 10 of the total state-wideBay percent
ment in boat liveries, berthing facilities, bait stores andexpenditure or $16,800,000 can be attributed to hunt-
so on simply are not available, ~but such investmentsing pursuits in the Bay Area.
must run into several .million dollars. The Bay accom-The above estimate includes waterfowl hunting ex-
modates a large fleet of party and charter boats andpenditures. Because the Bay Area contributes a con-
the value of these undoubtedly exceeds a million dol-siderably larger proportion of waterfowl to the state-
lars. It would seem therefore, that capital investmentwide bag (25 percent) as compared to other species
related to the sport fisheries of the Bay would be on(10 percent), and because of the greater expense in-
the order of at least five million dollars, volved in waterfowl hunting, the estimate should be

Table 58 is a summary of the angler expendituresrevised to reflect the difference of such expenditures
and values of commercia! ~ishery products originatingin the Bay Area.
in, or dependent upon water conditions in the BayThis can be done by deducting the known state-
Area. The combined figures of $40,000,000 for fresh-wide waterfowl expenditures from the total state-wide
water fishing and $10,000,000 for saltwater fishing arehunting expenditures and allotting the correct proper-
the total for all sport tishery expenditures. Salmon,t.ion of each to the Bay Area. The revised total expen-
steelhead and striped bass, which have been discussedditure in the Bay Area, arrived at by this process,
separately, are included under these two categories,amounts to almos~ $20.5 million annually rather than

$16.8 million. The figures are shown in Table 59a.
The furbearers of this area contribute an additional

HUNTING small amount to the fish and ~vildlife economy each
Water~owl year. Since 1921 the average annual value of the raw

H~mting Values. It was shown in the section onfurs has been about $8,000 as compared to $123,000
waterfowl that hunters spend on the average, $16.32for the State.
per goose and $8.16 per duck. Using these values andThe economies of the game resources are summa-
the nine year (1948-1949 to 1956-1957) average annualrized in Table 59-b.
waterfowl kill in the Bay Area results in an annual TASt~ 59a
expenditure on the order of $6,500,000 for ducks and GAME RESOURCE ECONOMICS z
$420i000 for geese for a total of $6,920,000. Pelgen State Total StatewJde
(op. cit,) ,on the basis of the 1953 .kill evaluated the BayArea less Bay AreaTotal
Bay and Delta waterfowl Unweighted total all$10,500,000annually.

Hunting Expenditures ....16.8 (10%) 151.2 168.0
Duck Club Investments. Private investments re-Total Waterfowl

luted to wildlife are mosdy limited to refuges andExpenditures ..............7.0 (21%) 26.5 33.5
hunting clubs. About the only known value whichAll Expenditures
can be assigned to this category is the value of water-Except Waterfowl .....!3.5 (10%) 121.0 134.5

Weighted Total
few1 club lands. As indicated in the waterfowl section,All Expenditures 20.5 (~2%) I�7.5 168,0
there were 242 duck clubs with an aggregate of 68,320~r~ve~alt~e~ m ~iUio~ o~ dom~.
acres of land in the Bay Area. At an assessed value of
$150 to $300 per acrethe total investment in such lands r~st~ 5~b

ranges between 10 and 20 million dollars. For worldng SUMMARY OF ECONOMICS OF BAY AR~A
GAME RESOURCESpurposes the intermediate value of 15 million dollars

was used in Table 60. ’ Estimated annual waterfowl hunting expenditures._ $7,000,000
’ Estimated annual expenditures for all other types of

hunting                  ,                 13,~00,000
Other Game Species Average annual value of fur resources..~ 8,000

Separate studies for other game species are not avail- $20,508,000
able, but an economic study by the Department of
Fish and Game of 19H hunter expenditures indicates MANAGEMENT ECONOMICS
that $I68,000,000 was spent by sportsmen on all formsFurther economic treatment involves the cost of
of hunting. The mean cost of a day’s hunting was .maintaining, protecting, investigating, and enhancing
found to be $I8.97. the fish and wildlife reso~rce.s of the Bay Area. A basic

Game bag estimates indicate 10 percent of the deer,evaluation of the costs in~01ved has been obtained
8 percent of the rabbits and squirrels, 8 to 10 percentthrough the cooperation of the U. S. Bureau of Reela-
of the quail and a little less than 10 percent of themarion, U. S. Fish and Wildlife Service, State Depart-
pheasants, doves and pigeons are consistently taken inment of ~¥ater Res0urces~. and the appropriate re-
the nine Buycounties. Because of the close agreementgional offices of the Department of Fish and Game.
an arbitrary average of 10 percent of the state-wideExpenditures fall into two broad categories, capital
totals is assumed for purposes of computation. It isoutlay and management costs. A major share of the
further assumed effort (hunting days) and hence ex-former includes large expenditures on anadromous fish
pendkures are roughly proportional to the game killfacilities, patrol boats, and land purchases. Manage-
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ment expenses are largely taken up by wildlife pro-based on the initial costs of the structures and numer-
tection, administration, salaries and the operational and ous small screens and ladders, have either been omitted
mait~tenance costs of the larger installations, or not assigned a value. Furthermore, many fish lad-

A. review of the capital outlay expenditures indi-ders and screens were built by private interests in
cares a minimum of $16,300,000 either spent, allocated,compliance with state laws, and for which.the Depart-
or proposed for fish and ~vildlife projects. Of this ment offish and Game does not have cost figures.
amount, completed projects account for over $11,- A tabular summary of.the economics involved in
000,000, more than $5,000,000 worth Of projects arethe administration of the fish and wildlife resources of
contemplated, and just over $100,000 in projects arethe Bay Area or dependent upon its waters is given
being constructed. The anticipated expenditures forin Table 60. The individual projects are listed in Ap-
fish salvage facilities in relation to the Feather Riverpendix I~7.
Project and a Delta Salinity Control Project are in- rABt~ ~0
cluded in contemplated projects. SUMMARY OF ECONOMICS OF FISH AND WILDLIFE

The amounts specified are comprised of expendi-RESOURCES OF THE SAN FRANCISCO BAY AREA
tures within the confines of the nine Bay Area court- Resource Annual Value
ties, for all forms of fish and wildlife; plus expendituresCommercial Fishery Products ~ $13,300,000
in the Central Valley for the maintenance, protection,Sport Fishing Expenditures ......... 50,300,000
and management of anadromous fishes which passGame Expenditures 20,508,000
through San Francisco Bay. A third category includesTotal .4amual Value $84,108,000capital outlay for the purchase of land for access sites
and construction of a number of boat launching ramps.Capital Ouday and Investments

Private Commercial Fishing Interests ........$25,000,000Most of these are for the purpose of providing fishing Private Sport~shing Interests 5,000,000
access to the Sacramento River system. Finally esti-Private Waterfowl Club Lands. 15,000,000
mates are given for capital investments or holdings of

$45,000,000businesses dependent ~apon the fish and wildlife re-Governmental Agencies $16,304,815sources of the Bay Area. These are summarized in
Table 60. Total Investment $61,300,000

The figures reported herein ]?or fish screens and lad-Annual Operation and Maintenance Costs~ $1,124,000
ders may ~be considered conservative since they are~ w~ ,t i~t~=e~to ~o~s~..~ ~a to ~o~v~r~ wlta g~o~ ~alt~.
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APPENDIX A

¯

-~              FISHING PORTS OF THE SAN FRANCISCO BAY AREAI

.|

I SONOMA COUNTY SAN FRANCISCO COUNTY SOLANO COUNTY
Stewarts Point San Francisco Vallejo

, Fort Ross Hunters Point Benicia
Jelmer Farallon Islands Suisun

i Bodega Bay Collinsville
Healdsburg ALAMEDA COUNTY Rio Vista
Sebastopol HaywardPetaluma

Alameda SAN MATEO COUNTYValley Ford
Oakland Daly Cityi Berkeley San MateoMARIN COUNTY

Dillon Beach
Tomales Bay CONTRA COSTA COUNTY

San Carlos
Redwood CityTomales Richmond Menlo ParkI Hamley (Telmat) Point San Pedro

Nicks Cove Roekaway Beach
Blakes Landing E1 Sobrante San Pedro Valley
Blue Bale Tavern Carquinez Strak San Pedro Point

i Marshall Crockett Point Montara
Marconi Port Costa Moss Beach
Millerton Point Carquinez Miramar
Tomales Bay Oyster Co. Ozol Princeton by the SeaBivalve

I Point Reyes-Drake~ Bay Martinez Half Moon Bay

Bolinas Bay Port Chicago Martins Beach

Stinson Beach MeAvoy Pigeon Point
Sausalito Pittsburg Point Ano Nuevo

i Mill Valley Antioch
Tiburon SANTA CLARA COUNTY
California City Oaldey

San Quentin Brentwood Stmnyvale

San Rafael Orwood Alviso

I Point San Pedro-McNears Pt. Bethel Island San Jose
China Camp Old River Campbell

1 After Scofield 1954.

!
’1
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APPENDIX, B ¯

COMMERCIAL FISH AND FISHERIES

APPENDIX B-I

COMMON MARINE SPORT ANDCO/v~ERCIAL FISHES OF THE SAN FRANCISCO BAYAREA
Common Name Scientific Name Code ~ Common Name Scientific Name Code

Sharks, Skates and Rays Rockfish
Sixgill cowshark ...........a~texanohus griseum Bocacci0 ..................: Sebastodes paucispinis C***
Sevengill cowshark__..._Notorynobus maoulatum Chillpepper ................Sebastodes goodel C** S*
Brown smoothhotmd._.Rhinotriacis henlei Splimose rockEsh ........Sebastodes diploproa
Leopard shark .............Triakis semffasoiata ~YdlowtaJl rockfish .......Sebastodes [tavidus C
Soupfin shark ...............Oaleorbinus zyopterus Black rock/~sh ...........Sebastodes melanops C
Dogfish ...................Squalus aoantbias Orange rockfish ............Sebastodes pinniger C
California skate ............Ra]a inornata C Widow rockfish ............Sebastodes entomelas
Big skate ....................Ra]a binoculata C Blue rockfish ..............Sebastodes raystinus.     S**
Bat ray. .Holorhinus oalifornicus Black and yellow

rockfish .....................Sebastodes chrysom~las SSchooling Pelagic, Bait and Forage Fishes                         Greenstriped rockfish. S~bastodes elongatus
Pacific sardine ..............Sardinops caerulea C***
l~acifie herring ..........Clupea palIas~ C*

Vermilion rockfish .......Sebastodes miniatu~ C

Ocean northern Saltwater Perch
anchovy ..............Engraulis mordax mordax C*** Walleye surfperch .......HyperprosoPon

Bay- northern anchovy~Eng~’aulis mordax nanus argenteum C* S°
Surf smelt ..................Hypomesus pretiosus C* S** White seaperch ...........Pbanerodon ~urcatus C~
Whitebait smelt ............Allosmerus elongattts Rubberlip perch ............Rhaaoohilztt toxotes C* S*
Night smelt ....................Spirinobus starksi .C Black perch ...................Embiotooa jacksoni S*
Jacksmelt .....................Atberinopsh ~alfforn&mis C* Striped seaperch .........Embioto~a lateralis S*
Topsmelt ....................Atherinopk at~nis C* Calico surfperch ...........Amphistiolms kbelzi C* S**

Barred sur~perch ...........Ampbistioh,zs argenteus S*Flatfishes Redtail surfperch ........Ampbistiobus rbodoterusC* S*
English sole .....................Parophrys ~etuIus C*** Silver sur~perch ..........Hyperprosopon elIiptioum C* S*
Petrale sole ....................Eopsetta ~ordani C** * C* S*
Dover sole .....................Miorostomus paoificus C***

Rainbow seaperch .......Hypsurus oaryi
Pileperch .......................Rbacoobilu.t ¢vaooa C* S*

Rex sole ...........................Glyptocephalus zaohirus C** Shiner perch ...................Cymatogaster aggregata C* S*
Pacific sanddab ...........CithariobtbyS sordidus C*
Starry flounder ............Platiobtbys stellatus C* S* Miscellaneous
Diamond turbot ..........Hypsopsetta guttulata C White seabass_:. .........Cynos~ibn nobilis C S
Curl/in turbot ............Pleuroniobthys decurrensC White croaker. ...........Genyonemus lineatus C S
Pacific halibut ...............HippogIossus stenolepis C Albacore ...............Tbunnus germo C~**
A.rrowtooth halibut ......Atheresthes stomias C
California halibut .......Parali~htbys oali~ornicus

Bottom Fishes
Sablefish ...........................Anoplopoma fimbria C***
Pacific hake ...................Merlu~oius productus C**
Lingcod _.Opbiodon elongatus C** S***
Cabezon .......................Soorpaeniahthys

marmoratus C* S*
Pacific tomcod .............Microgadus proxhtms

x C denotes comme~dal impertance~ S spozt impoztance, and the ~umbe~ o£ asterisks the relative degree o£ importance at the present time.
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APPENDIX B-2

COMPARATIVE COMMERCIAL FISH LANDINGS FOR THESTATE AND SAN FRANCISCOBAY
~AREA 1916-1958

LANDINGS OF SCHOOLING, PELAGIC, BAIT AND FORAGE FISHES IN POUNDS

Year Anchovy Herring Sardine ,Smelt Whitebait Totals
1916 State ................ 531,209 .o2,928,591 15,648,839 991,509 161,797 20,261,945

Bay Area ............. 239,724 2,358,392 13,967 289,326 161,797 3,063,206
Percentage ~ ~_ 15.1

1917 State ................... 528,753 7,435,997 104,103,331 984,270 123,079 113,175,430
Bay Area .......... 100,258 7,377,320 142,398 210,997 123,014 : 7,953,987

7.0
1918 State 868,t61 7,938,280 157,652,811 ’796,984 135,857 167,392,093

Bay Area ............. 268,470 7,925,069 892,717 228,228 117,450 9,431,934
5.6

1919 State ’ 1,609,548 4,289,899 153,877,179 756,980 5,915’ 160,539,521
Bay Area 305,896 4,281,903 1,504,218 212,462 5,915 6,310,394

3.9
1920 State .................... 569,774 274,364 118,520,914 744,187 678 120,109,917

. Bay Area ........... 221,233 266,789 1,105,089 141,124 678 1,734,913

1921 State ...................... 1,946,881 542,124 59,332,305 765,073 5,229 62,591,612
Bay Area _.., ......... 175,255 533,359 153,978 140,946 5,229 1,008,767

1.6
1922 State 652,516 341,621 93,399,900 830,I40 84,007 95,308,184

~ Bay Area 150,786 333,882 170,515 117,064 63,133 835,380
0.9

1923 State 307,074 383,950 158,159,356 806,380 67,818 159,724,578
Bay Area 184,085 363,907 339,804 154,885 41,658 1,084,339

0.7
1924 State 346,951 435,620 242,685,958 721,912 122,483 244,312,924

Bay Area .......... 10,7!8 :420,226 1,090,852 164,331 65,983 1,752:.110
0.7

1925 State 93,071 865,774 315,294,986 751,669 70,968 317,076,468
Bay Area 26,012 847,071 464,182 118,936 32,951 1,489,152

0.5
1926 State 60,157 453,607 286,741,250 883,123 85,557 288,223,694

Bay Area 3,400 432,817 7,056,765 .1.!3,5~6 12,0.27 7,618,555
2.6

1927 State ............. 368,201 1,168,321 342,275,289 965,921 134,149 344,911,881
Bay Area ........ 278,125 1,098,560 18,741,812 123,730 30,975 20,273,202

5.9
1928 State ............... 357,470 t,139,682 420,269,665 926,116 135,186 422,828,119

Bay Area ........... 125,515 1,054,578 26,965,736 114,032 31,101 28,290,962
..    6.7

1929 State " 382,445 957,563 651,771,904 933,095 243,I19 654,288,126
Bay Area .............. 239,575 ’ 921,682 41,091,857 124,21:1 95,582 .42,472,907

1930 State ........................ 319,561 717,634 494,450,747 1,054,665 174,917 496,717,524
Bay Area ............... 261,850 602,157 48,468,9£7 203";031 71,153 ,49,607,148.

. ,., -i ’ ~’’ ~, ,’ ~ /,. ~ ,’ 10.8
1931 State ........................ 307,494 685,759 301,307~801 1,074,810 141,495 303,517,359

’ Bay Area 164,657 : 634;0.t2 50,66b,~4 ~.:’2~3~609 . . 10,410 ,. ~!;714,222
i. " ’.. ... ...... ~ "~,7 ,,:, .? 17.0

19’32 State ......................... 299,217 765,724 312,171,716        899,216 133,540 314,269,413
Bay Area    ’ 147,627 :: 726,925 29,357,768 ¢2~,4.2~’: 28,875 .3~9,560,61.8.

................... :. ..;~. 9.7

1933 State ......................... 317,292 601,445 509,797,481 729,702         95,75! 511,541,671
.. :Bay Area ...:.,,~:._.~ ...... 185,095 ,:4 5 ~,995 62;214,’~80 :-3.1.B,85~: 44,682

~.
~ .... ~d 12.4

1 Pezcentage of annual statewide catch o~ each group landed in the San Fraaeisco Bay area each year.
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APPENDIX B-2--Cont;nued

.LANDINGS OF SCHOOLING,PELAGIC, BAIT LAND FORAGE :FISHES :IN POUNDSTConfinued
Year Anchovy" Herring Sardine Smelt Whitebait Totals I
1934 State 257,505 801,601 902,585,099 732,191 105,982 904,482,378

Bay Area ........ .66,965 755,714 134~427,065 264,388 12,939 135,527,071

1935 State ................. 178,970 928,880 829,512,548 875,480 164,345 831,660,223
Bay Area 74,550 792,090 147,257,938 323,036 30,742 148,478,356

17.9
1936 State 195,122 840,530 955,525,700 841,231 197,738 957,600,321

Bay Area 133,050 831,608 283,789,775 380,517 13,I84 285,148,134
29.8

1937 State ............... 226,229 631,330 891,430,525 682,070 86,177 893,056,331
Bay Area 102,100 613,361 .255,367,373 322,753 8,748 256,414,335 1

28.7
1938 State 735,144 504,884 935,611,489 567,861 106,724 937,526,102

Bay Area 251,750 495,621 358,853,647 235,915 8,090 359,845,023
38.4

I1939 State 2,147,901 302,242 1,160,793,~81 474,936 166,883 1,163,885,543.
Bay Area 214,907 278,399 491,842,739 172,313 22,444 492,530,802

42.3
1940 State ..................... 6,317,797 453,193 905,973,403 449,360 127,449 913,321,202 []

Bay Area ............. 13,775 413,486 231,359,394 116,461 17,478 231,920,594
~ 25.4

1941 State ....................... 4,105,382 789,753 1,262,480,393 452,739 131,102 1,267,959,369
Bay Area .............. 600 686,220 395,325,120 112,650 40,882 396,165,472 ¯

31.2
1942 State ............... 1,694,290 190,815 969,747,099 443,939 159,258 972,235,401

Bay Area                    5,400 109,022 210,687,961 166,927 8,227 210,977,537

1943 State ................ 1,570,803 " 630,358 972,269,915 1,566,273 141,367 976,178,716
Bay Area ........... 78,793 495,132 244,695,817 969,619 3,487 246,242,848

25.2
1944 State ..................... 3,891,029 422,290 1,147,207,882 1,541,044 269,425 1,153,331,670 ¯

Bay Area 110,010 270,524 284,493,570 1,207,263 20,423 286,101~790
24.8

1945 State .................. 1,616,880 460,465 845,062,774 2,369,580 291,152 849,800,851
Bay Area .............. 292,030 309,305 185,199,860 1,715,864 46,950 187,564,009 ¯

22.1

1946 State ..................... 1,921,627 481,776 510,7.59,173 793,463 344,462 514,300,501
Bay Area .......... 263,776 458,447 6,401,124 462,316 65,751 7,651,414

1947 State ...................... 18,940,521 1,654,850 255,513,948 713,264 326,603 277,149,186
Bay Area ............... 390,173 662,257 626,228 433,202 73,664 2,185,524

0.8
1948 State ......................... 10,835,930 8,000,377 362,037,087 782,096 222,499 381,877,989 ¯

Bay Area ................... 380,251 6,772,274 229,809 427,287 56,234 7,865,855

1949 State ..................... 3,322,273 379,311 633,374,991 715,528 241,764 638,033,867
~Bay Area ........... 216,474 274,559 33,879,!6.� 440,195 29,860 34,840,253 ¯

55
1950 State ................... 4,878,687 1,425,351 714,521,761 590,968 207,607 721,624,374

Bay Area ........... 338,559 1,194,201 " 26,442,685 306,687 79,040 28,361,172
3.9

I195! State .................... 6,954,852 4,917,643 328,892,130 1,095,504 162,054 342,022,183
Bay Area ................ 284,100 3,672,383 165,144 422,213 .38,134 4,581,974

1952 State ......................... 55,782,870 9,209,386 14,189,420 646,116 152,115. 79,979#07 I
Bay Area ................... 5,831,115 3,223,314 __. 281,560 64,712 9,400,701

1953 State ............................ 85,835,478 7,801,928 9,429,816 670,116 179,292 103,916,630
Bay Area .................. 3,072,524 4,791,961 ..... 248,833 65,420 8,178,738 ¯

7.9
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APPENDIX B-2--Continued

LANDINGS OF SCHOOLING, PELAGIC, BAIT AND FORAGE FISHES IN POUNDS-Continued
Year Anchovy Herring Sat .d~e Smelt Whitebait       Totals
.1954 State ..................... 42,410,214 911,906 1~0.9!i068 . 608,609 267,281    .178,289,078

Bay Area ......... 261,759 475,161 ...... " 295,441 56,593 ’ 1,088,954
0.6

1955 St’ate 44,691,582 1,946,521 145,607,749 780,172 214,558 193,240,582
Bay Area 206,650 1,147,567 .... 447,706 29,159 1,831,082

0.9
1956 State ................... 56,920,585 1,735,776 69,554,345 466,333 148,820 128,825,859

Bay Area .................. 387,981 925,121 ..... 147,492 53,340 : i,513,934
1.2

1957 State ................ 40,547,526 1,188,080 45,861,931 371,472 243,600 88,212,609
Bay Area ........... 10,135 547,708 __ 139,615 71,817 769,275

0.9
I958 State ................. 11,602,724 2,399,730 2.07,445,837 549,854 306,805 222,304,950

Bay Area ............. 2,888 1,621,471 " ’_.._ 73,071 70,073 1,767,503
0.8

~ LANDINGS OF FLATFISHES INPOUNDS
Year Flounder Halibut Sand Dab Sole Turbot Totals
1916 State ......................... 453,916 4,122,517 2,228,734 6,407,186 2,608 13,214,961

Bay Area ........... 433,889 25,842 1,466,280 .4,565,499 2,322 6,493,832
Percentage ~ ...... 49.1

1917 State ........__ .... 1,151,876 4,510,897 2,631,862 8,728,429 1,327 17,024,391
Bay Area ........ 1,044,149 116,964 1,812,036 6,857,802 1,301 9,832,252

57.8
1918 State .................. 818,835 4,753,691 1,751,609 7,027,767 3,664 14,355,566

Bay Area ................ 721,411 103,226 1,380,057 4,696,984 3,087 6,904,765
48.1

1919 State ................. 435,731’ 4,859,498 709,738 5,528,685 2,115 11,535,767
Bay Area ........... 373,824 145,309 628,206 4,914,548 2,115 6,064,002

52.6
I920 State ........................ 481,587 4,444,890 721,810 3,821,748 855 9,470,890

Bay Area ............. 434,074 140,001 571,377 3,107,815 855 4,254,122
44.9

1921 State ................ 293,656 3,795,757 784,011 4,870,870 219 9,744,513
Bay Area .............. 229,792 117,872 683,828 4,179,478 219 5,211,189

53.5
1922 State .................. 539,220 3,403,484 1,170,979 7,043,336 1,534 12,158,553

Bay Area .............. 472,340 107,939 1,020,778 6,335,442 1,534 7,938,033
65.3

1923 State ..................... 508,961 2,426,83~ 1,363,911 7,086,035 1,011 11,386,755
Bay Area ............ 434.345 28,210 1,220,604 6,174,566 991 7,858,716

69.0
1924 State ............... 379,770 2,708,898 1,699,832 8,835,351 1,868 13,625,719

Bay Area 328,992 19,617 1,650,232 8,413,153 1,868 10,413,862
76.4

1925 State 594,420 2,613,861 1,952,847 8,762,535 3,926 13,927,589
Bay Area 474,310 55,795 1,668,903 7,101,215 3,926 9,304,149

66.8
1926 State 667,711 1,687,720 1,143,935 8,649,870 1,365 12,150,601

Bay Area 475,432 115,376 937#94 6,272,223 1,365 .7,802,390
64.2

1927 State 590,064 1,872~31 892,7!8 10,479,765 3,950 13,838,7~28
Bay Area .............. 481,172 60,838 767,288 .. 9~370,016 3,950 10~683,264

78.3
1928 State ................. 399,880 !,563,491 i,!08,764 10,281,719 9,234 13,363,088

Bay Area ............. 345,043 55,650 878,486 8,178,096 9,234 9,466,509
70.8

1929 State .............. 580,752 1,853,197 1,051,868 11,706,761 1,323 15,193,901
Bay Area 513,756 96,968 974,258 10,83~,233 1,323 12,421,538

81.8
t Percentage of amaual statewld¢ catch of each group landed ia the San t~zaadsco Bay a~ea each year.
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LANDINGS OF FLATFISHES IN POUNDS-Continued
Year Flounder Halibut Sand Dab Sole Turbot Totals ’
1930 State 391,096 1,H1,718 616,349 10,924,08~ 7,345 13,450,593

Bay Area 356,828 52,027 498,437 8,123,911 7,345 9,038,548
: 67.2

1931 Sta(e 169,806 1,760,157 472,805 9,412,882 18,284 11,833,934
Bay Area 159,540 62,613 454,714 8,959,810 18,284 9,654,961

81.6
1932 State 543,806 1,595,530 665,345 8,890,840 23,422 11,718,943

Bay Area $14,403 143,477 640,885 8,522,609 23,380 9,844,754
84.0

1933 State 457,998 1,311,313 $62,994 8,311,095 49,615 10,693,015
Bay Area ’. 440,746 . 158,457 532,829 7,587,811 49,611 8,769,454

82.0
1934 State 537,164 2,059,973 767,025 8,967,603 72,548 12,404,313

Bay Area _~ ,516,970 244,308 733,307 8,351,633 65,802 9,912,020
79.9

1935 State 656,113 2,448,834 675,597 9,164,263 72,287 13,017,094
Bay _Area 636,142 122,894 624,919 8~515,218 62,313 9,961,486

....... 765
1936 State 621,186 2,113,364 621,675 8,325,008 116,275 11,797,508

Bay. Area ........ 604,961 58,313 591,127 7~,812,392 105,949 9,172,742
77.8

1937 State 974,770 1,523,876 516,195 8,302,222 75,990 11,393,053
Bay Area .......... 960,337 92,287 495,168 7,868,726 68,317 9,484,835

83.3
1938 State 542,812 1,500,139 639,328 7,737,647 85,896 10,505,822

Bay Area ...... 251,683 14,823 358,466 3,192,731 76,075 3,893,778

1939 *State ............ 739,31t 1,393,871 821,204 9;744,792 104,585 12,803,763
Bay Area ........... 478,462 25,282 512,689 4,207,821 99,463 5,323,717

41,6
1940 State 804,089 1,257,948 779,078 7,388,005 62,124 10,291,244

Bay Area ........... 582,131 62,504 420,038 3,423,981 54,817 4,543,471

1941 State ............... 601,577 941,412 442,484 .4;625,855 26,940 6,638,268
Bay Area .......... 302,632 25,059 228,200 1,720,604 22,793 2,299,288

34,6
1942 State ....................... 370,125 989,527 353,540 3,155,757 6,571 4,875,520

Bay Area ......~__, 89,101 6,140 112,555 589,773 3,001 800,570

t943 ~tate $05399 1,393,119 505,338 4,782,379 38,047 7,224,282
, Bay Area .......... 160,003 11,939 143,862 996,257 13,196 1,325,257

18.3
1944 State .............. 366,520 1,736,409 551,269 4,700,374 72,825 7,427,397

Bay Area ............ 131,197 10,910 275,552 t,252,593 17,399 1,687,651
22.7

1945 State ............... 339,313 2,038,794 588,356 7,754,945 159,870 10,881,278
Bay Area ............. 189,784 62,627 325,038 2,133,492 38,417 2,749,358

25.3
,1946 State .............. ’~09,448 2,8591025 679,072 I0,567,0~8 49,847 14,664,450

Bay Area ........... 210,887 52,792 252,660 2,355,188 33,804 2,905,331
~9.8

1947 ,State .............. 527,072 2,070,001 7~1,403 12,333,594 t01,767 ,15,733,837
" Bay Area 205,150 58,t20 261,357 3,598,738 75,385 4,198,750

L 26.7
!948 ~t~ite :!95,249 ’ L437,057 804~695 :~ 1,654~927 114,701 24,416,629

Bay Area 225~703 83,462 447,701 4,546,201 80,580 $,383,647
22.0

.1949 , S~tate .............-r--~ 356,374 !,429,861 722,151 19,729,254 95,602 22,333,242
Bay Area .......... 138,940 90,215 451,886 4,504,053 80,629 ’ 5,265,723

23.6

!950. ’i State 913,110 ~ 1,350,836 682,861 23,893,198 127,549 26,967,554
Bay Area._’. ....... 324,437 117,713 364,530 6,590,887 100,196 7,497,763
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APPENDIX B-2--Continued

LANDINGS OF FLATFISHES IN POUNDS-Continued
Year Flounder Halibut Sand Dab Sole Turbot Totals

1951 State 1,118,279 730,028 542,921 17,403,137 107,314 19,901,679
Bay" Area 590,164 65,14f 279,651 4,684,163 97,935 5,717,058

28.7
1952 State 595~470 715,743 658,742 19,58!,827 81,884 21,633,666

Bay Area 322,675 196,597 332,637 3,967,804 64,304 4,884,017
22.6

1953 State 497,608 485,958 686,591 15,914,902 69,158 17,654,217
Bay Area ...... 239,437 58,388 263,908 3,167,918 35,058 3,764,709

21.3
1954 State 478,704 535,225 749,771 17,160,443 i61,353 19,085,496

Bay Area ........ 190,857 27,818 389,459 4,793,993 70,207 5,472,334
28.7

1,099,899 778,839 15,838,621 99,981 18,464,2881955 State 646,948
. Bay Area ..... 360,987 73,060 435,302 5,070,662 83,639 6,023,650

32.6
1956 State 374,114 1,432,424 787,972 14,784,951 83,294 ’17,462,755

Bay Area 223,041 43,578 455,097 4,329,806 63,985 5,115,507
29.3

1957 State 503,552 1,277,563 691,183 16,307,353 96,055 18,875,706
Bay Area. 322,351 34,975 324,126 3,262,486 71,402 4,015,340

21.3
1958 State ............ 464,159 840,086 404,872 15,913,365 72,389 17,694,871

Bay" Area 269,924 48,549 238,657 3,692,627 39,929 4,289,686
24.2

LANDINGS OF BOTTOM FISHESIN POUNDS

Year Cabezon Tomcod Lingcod Hake Sablefish Rockfish Totals
1916 State ........... 569 65,218 617,236 189,219 83,623 4,918,952 5,874,817

Bay Area ........... 65,218 312,235 169,423 49,554 997,951 1,594,381
Percentage x __ 27.1

19t7 State ............. 434 25,060 930,519 254,331 909,846 7,774,026 9,894,216
Bay Area ......... 25,060 539,107 172,176 858,275 1,591,135 3,185,753

31.9

1918 State .............. 167 8,811 915,836 193,018 498,937 8,242,754 9,859,523
Bay Area ......... 8,756 487,633 143,686 478,863 1,631,029 2,749,967

27.9
t919 State __ 31,310 .1,063,136 133,181 334,950 5,398,109 6,960,686

Bay Area ...... 31,3t0 833,657 122,913 319,666 1,397,623 2,705~169
40.4

State 37,237 687,954 141,981 781,032 5,633,077 7,281,2811920
Bay Area ............ 36,646 450,996 140,801 736,982 1,031,328 2~396,753

32.9
1921 State ............. 41,779 425,543 90,218 1,022,642 4,761,658 6,341,840

Bay Area .......... 39,454 265,118 81,143 388,141 792,726 1,566,582
24.7

1922 State ................. 32,114 568,481 74,516 268,554 4,312,014 5,255,679
Bay. Area .......... 30,799 421,736 57,666 209,807 714,593 1,434,601

27.3
1923 State ............... 41,767 467,347 78,969 538,292 5,096,622 6,222,997

Bay Area .......... 38,292 328,436 70,232 198,590 570,965 1;206,515
19.4

1924 State __ 42,524 400,432 60,780 933,310 4,742,885 6,179,931
Bay Area ........ 34,037 244,688 58,405 353,446 558,199 1,248,~75

-- 20.2

1925 State ............. 3,352 14,508 683,130 22,017 722,472 5,488,621 6,934,100
Bay Area ........... 12,633 457,414 16,8~2 418,442 775,847 1,681,t28

24.2

1926 State ......... 4,325        649,902        58,335        175,642 7,540,969 8,429,173

~ Bay" Area ..... 3,950 469,801 .42,498 90,105 905,164 .1,511,518

* Pezc~Jatage o£ axmual sta~ewlde catdb, o£ each group landed ia the San Fzancisco Bay a~ea each year.
17.9
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APPENDIX B-2--Continued I

LANDINGS OF/BOTTOM FISHES IN POUNDS-Continued, !Year Cabezon Tomcod Lingcod Hake Sablefish Rockfish Totals
1927 State 752 690 556,308 84,553 992,654 6,390,604 8,025,561

Bay Area ........ 690 373,647 75,951 420,308 952,273 1,822,869 .
22.7

I
1928 State .........2,628 11,923 853,537 108,648 916#55 6,419,909 8,313,600

Bay Area~    :__ 11,798 593,064 76,047 342,389 1,022,602 2,045,900
24.6

1929 State ...............1,196 15,884 1,167,120 145,669 1,439,408 6,036,409 8,805,686
Bay Area .............. 15,822 813,365 131,453 505,479 1,191,813 2,657,932

30.2 r

1930 State .............1,046 23,172 1,288,172 56,088 1,359,147 7,225,424 9,953,049
Bay Area ....... 229 22,460 745,361 50,983 534,548 1,104,494 2,458,075

24.7

I1931 State .......... 1,115 3,799 1,229,088 12,501 1,021,215 7,277,688 9,545,406
Bay" Area ........ 624 3,799 850,183 12,216 159,750 1,043,284 2,069,856

21.7
1932 State ..........4,678 4,271 899#12 29,001 975,373 5,636,319 7,549,554 ¯

Bay Area ..... 3,561 4,243 647,159 28,327 98,527 994,498 1,776,315 ~r
23.5

1933 State ..........4,265 729 1,088,955 37,539 1,332,573 4,787,774 7,251,835
Bay Area ...... 1,961 729 749,668 31,581 237,467 1,137,235 2,158,641 []

29.8
1934 State .............5,265 923 857,600 56,90i 2,117,048 4,604,031 7,641,768

Bay Area..~     765 923 600,647 55,810 321,069 911,601 1,890,815
24.7

I1935 St.ate ..........10,537 685 1,017,503 73,843 2,848,672 4,831,174 8,782,414
Bay Area ......500 685 627,381 68,462 714,075 886,374 2,297,477

26.2
1936 State ...............18,468 4,153 758,547 50,791 1,035,530 4,603,904 6,471,393 []

Bay Area ......... 6,277 4,153 395,952 46,741 95#48 86!,710 1,410,781 |21.8
1937 State 8,189 1,056 968,258 63,454 733,499 4,291,214 6,065,670

Bay Area ........... 3,465 1,056 577,651 6t,067 73,467 1,036,832 1,753,538
28.9

i1938 State ...............5,425 3,040 646,004 36,428 415,836 3,637,137 4,743,870
Bay Area ........... 1,569 875 173,898 18,015. 8,507 558,839 761,703

16.1
1939 State ..................4,023 4,675 576,972 13,661 767,044 3~333,126 4,699,501

Bay Area ....... 208 870 i92,811 9,641 14,757 388,566 606,853
12.9

1940 State 3,392 4,567 692,243 18,049 573,785 3,570,636 4,862,672
Bay Area._~ 1,488 2,371 271,088 .13,058 77,681 454,606 820,292    ¯

1,6.9
1941 State ............... 13,356 959 529,772 15,044 536,540 3,405,622 4,501,293

Bay- Area ......... 6,470 264 290,314 9,042 66~209 452,597 824,896
18.3

I
1942 State .............2,312 145 314,334 41,981 1,972,522 1,423,440 3,754,734

Bay Area ...... 504 __ 42,261 2,991 29,512 70,019 145,287
3.9

1943 State ....... 7,532 13 719,318 10,505 3,205,374 2,762,192 6,704,934
Bay" Area ........... 140 .... 151,410 3,057 36,901 202,781 394,289

5.9
1944 State ................3,906 135 746,039 4,751 4,116,451 6,422,230 11,293,512

Bay Area ........... 2,933 __ 121,501 956 47,332 68,965 241,687
2.1     I

1945 State .................. 4,417 ..... 758,704 2,415 6,259,087 13,285,974 20,310,597
Bay Area ........... 3,492 ..... 147,932 313 165,361 185,536 502,634

2.5
I946 State ..............7,860 ..... 1,156,398 550 2,656,873 11,168,277 14#89#58 ¯

Bay Area ......... 2,805 .... 199,967 ..... 99,637 221,123 ’ 523,532
3.5

1947 State .................4,526 ..... 1,940,747 606 902,110 8,498,584 11,346,573
Bay Area 473 ..... 243,380 ...... 21,610 211,505 476,968

4.2
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I APPENDIX B.2--Contlnued

LANDINGS OF BOTTOM FISHES IN POUNDS-Continued

I Year Cabezon Tomcod Lingcod Hake Sablefish Rockfish Totals
1948 State ...............8,202 .... 2,058,675 4,600 2,068,433 6,540,976 10,680,886

Bay Area ........ 378 .... 284,346 3,800 23,827 271,135 583,486

I 1949 ............... 16,046 1,655,961 1,535 1,771,223 6,067,877 9,512,642State
Bay Area ......... 4,570 ..... 382,617 1,135 50,841 521,071 960,234

10.1

i 1950 State ................21,679 317 1,914,725 500 1,919,971. 8,115,909 11,973,101
Bay Area ......... 2,492 ...... 777,112 ..... 65,854 989,603 . 1,135,061

9.5

t951 State ..................23,857 2,018 1,657,546 24,972 2,535,813 10,928,309 15,172,~15
Bay Area ........ 1,263 1,418 583,612 24,972 265,858 2,204,245 3,081,368

20.3

1952 State ................34,494 976 1,350,931 6,145 1,322,451 10,420,723 13,135,720
Bay Area ........ 6,132 170 593,863 1,305 246,257 3,580,550 4,428,277

i 33.7
1953 State ...............13,306 517 912,697 I00,491 1,609,056 12,045,983 14,682,050

Bay Area ......... 2,901 517 207,992 10,370 222,109 4,170,739 4,614,628
31.4

1954 State .............6,212 ...... 895,095 527,895 2,268,945 12,102,186 15,800,333
Bay Area ......... 758 .... 235,744 17,105 398,188 2,984,427 3,636,222

23.0
1955 State ................6,944’ 2,869. 934,200 883,007 2,010,112 12,345,411 16,182,543

I Bay Area ........ 759 2,869 335,568 41,245 346,047 1,562,607 2,289,095
14.1

1956 State ................12,397 1,153 909,006 1,317,103 2,809,315 14,656,584 ~ 19,705,558
Bay Area ........... 190 1,153 317,665 7,290 830,216 2,942,536 4,099,050

20.8
I957 State ............. 13,206 __ 1,613,613 1,130,978 2,132,185 15,912,382 20,802,364

Bay Area ......... 286 ..... 310,251 10,370 425,486 2,817,836 3,564,229
17.1

I 1958 State ................i9,520 __ 1,526,061 1,027,639 1,692,293 17,559,885 21,825,398
Bay Area .......... 5,550 .__ 491,636 33,315 464,040 4,195,068 5,189,609

23.8

I LANDINGS OF
LANDINGS OF SHARKS, SKATES AND RAYS IN POUNDS SALTWATER

i PERCH IN
Year Shark Skate Totals POUNDS
1916 State ..........................................................................36,247 307,7!6 343,963 221,186

Bay Area ..................................................................27,805 303,706 331,511 93,539
.~ Percentage~- ............................................................... 96.4 42.3

I917 State ................ 287,872 314,837 602,709 252,503
Bay Area 240,965 307,874 548,839 145,966

91.1 57.8

I 1918 State ..... 403,093 398,031 801,124 203,420
Bay Area ...................................................352,177 384,301 736,478 119,356

91.9 58.7
1919 State ....... 612,683 295,800 908,483 192,481

I Bay Area ........... 144,815 284,011 428,826 78,669
47.2 40.9

" 1920 State ......... 811,349 479,812 1,291,161 186,381
Bay Area ................ 128,384 209,824 338,208 96,923

26.2 52.0

I 1921 State. 539,333 69,932 609,265 253,199~ Bay Area ....................... 85,550 53,752 139,302 90,571
22.9 35.8

1922 State ...........................................................282,018 121,210 403,228 243,776

I Bay Area .......................................... 93,436 107,472 200,908 78,357
$ Per~ntage of annual statewld¢ catch of each g~oup landed in the San Francisco Bay area each yea~. 49.8 32.1
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APPENDIX B-2-Cont|nued I
LANDINGS OFLANDINGS OF SHARKS, SKATES AND RAYS IN POUNDS-Continued SALTWATER

PERCH IN
IYear Shark Skate Totals POUNDS

1923 State 360,363 134,353 494,716 359,682
Bay -Area 152~08 127,224 279,432 86,640

56.5 24.1

I1924 State. 392,634 131,137 523,771 305,726
Bay -Area .... 93,606 121,627 215,233 118,075

41.1 38.6
192f State 372,332 183,484 555,816 272,351

Bay ,Area 196,131 156,978 353,109 91,718 |63.5 33.7
1926 State 506,723 232,993 739,716 208,910

Bay Area ............. 224,966 158,288 383,254 99,962 1
51.8 47.8

1927 State ........~ ..... 325,653. 263,715 589,368 262,893
Bay -Area ...... 188,194 223,293 411,487 96,722

69.8 36.8:
1928 State. 623,816 ~2,222 1,086,038 267,078" 1

Bay -Area ..... 400,738 317,857 7!8,595 90,147
66.2 33.8

1929 State 883,985 427,986 1,311,971 327,502
Bay" -Area ................. 365,531 318,310 683,841 109,559 I

54.2 335
1930 State.. 647,297 286,390 933,687 304,737

Bay -Area___, 221,672 221,324 442,996 112,182
47.4 36.8

I1931 State ........................ 596,134 174,785 770,919 265,957
. Bay- Area ............ 121,802 132,349 254,151 92,826

33.0 34.9
19~2 State ..... 850,888 292,412 1,143,300 .244;~8 ¯

Bay -Area ......... 223,694 249,~5 472,739 76,664 ,
41.3 31.4

.1933 State .............. 471,030 193,711 664,741 228,1~
Bay Area 93,971 151,415 245,386 110,529

36.9 48.4
11934 State ........_~ ....... 526,280 232,305 758,585 225,221)

Bay _Area 106,366 198,666 305,032 113,495
40.2 50.4

1935 State .................... 555,256 307,122 862,378 281,607 1
Bay -Area 159,770 255,414 415,184 132,324

48.0 47.0
1936 State 471,861 381,944 853,805 251,742

Bay -Area ................ 170,451 318,783 489,234 96,104 1
573 38.2

1937 State .... 914,205 ~7,392 1,361,597 249,f89~
Bay -Area ~7,637 377,353 784,990 98,666

57.7 39.5

I1938 State ............ 7,531,667 528,273 8,059,940 183,421
Bray -Area 4,318,794 329,385 4,648,179 69,276.

57.7 37.8
1939 State 9,228,500 336,854 9,565,354 140,187 .1

Bay. -Area ._ ,.4,631,579 204,598 4,836,177 57,995 1’ 50.6 41.4
1940 State .... 7,860,030 238,2~ 8,098,317 58,643

Bay-Area ..... ~,~34,940 160,628 5,095,568 .22,447
63.0 38.3

1941 S~ate ..........., ~ 7,617,.334 224,698 7,8¢2,032 ~26,052
Bay Area___ 2,890,4.98 121;716 3,012,2!4 :~ ?.2,898

38.4 I1.I
1942 State ................ 3,550,337 10~,791 3,656,128 58,084 1

!
~ , . 33.1 25.0

1943 State~ .................v~-- ~--v-- ................................3,72~,334 8!,109 3,810,443 113,035
Bay Axea ....................__ ............................... 1,06,4~882 34,I16 1,098,998 ~..~8,694 1~ " " ’ ~ ’ 28.8 2L4.
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I APPENDIX B.2--¢ontlnued
LANDINGS OF

LANDINGS OF SHARKS, SKATES AND RAYS IN POUNDS-Continued ,SALTWATER
PERCH IN

I

Year Shark Skate Totals POUNDS
1944 State._ 2,613,431 50,419 2,663,850 148,858

Bay Area 559,229 28,909 588,138 44,401
22.1 29.8

i 1945 State~ ~ 2,438,096 74,089 2,512,185 218,870
Bay Area - " 395,068 30,376 425,444 81,034

,. 16.9 37.0
:1946 State._ 1,608,876 78,038 1,686,914 192,626

i Bay" Area 246,793 31,128 277,921 72,426
16.5 37.7

1947 State ...... 2,637,926 103,696 2,741,622 290,610
Bay Area ..... 263,372 70,942 334,314 69,328

I2.2 23.9

I 1948 State 2,480,555 119,101 2,599,656 305,164
Bay Area 201,950 87,980 289,930 87,358

11.2 28.6
1949 State ..... 1,551,583 123,464 1#75,047 326,589

I Bay Area 166,725 77,224 243,949 100,933
14.6 30.9

1950 State 717,247 153,758 871,005 245,440
Bay .Area ...... 58,993 105,015 164,008 80,752

i 18.8 32.9
1951 State 796,823 84,634 881,457 233,748

Bay Area 80,507 62,095 142,602 78,833
16.2 33.7

1952 State ............... 611,831 138,624 750,455 297,227
Bay Area 132,802 114,878 247,680 84,714

33.0 28.5

1953 State ....... 433,067 415,669 848,736 295,915

,

Bay Area 77,802 74,~0 151,892 65,443
17.9 22.1

1954 State .......... 733,397 136,221 869,618 118,499
Bay Area 50,270 89,651 139,921 35,170

16.1 29.7

I 1955 State._ 546,968 152,622 699,590 t36,554
Bay _Area ............... 60,173 122,293 t82,466 37,646

26.0 27.6
1956 State 1,045,634 175",Y46 1,221,180 187,681

I Bay" _&tea 43,282 96,940 140,222 44,497
¯ ...’. 11.4 23.7

1957 State 709,473 171,678 881.151 24~,028
Bay B_tea 54,400 118,080 172,480 40,035

i 19.4 16.3,
1958 State 474,754 176,896 651,650 189,679

Bay. Area 69,388 116,531 185,919 43,235
28.5 22.8

I
LANDIN~S O~

i , ¯ LANDINGS OF WHITE SEA BASS AND CROAKERS IN POUNDS MISCELLANEOUS
MARINE LANDINGS

~Year White Sea Bass White Croaker Totals IN POUNDS ~
1916 State 798,115 779,287 1,577,402 666,204

I Bay Area ....... 77,904 60,945 138,849 3961445
Percentage ~ 8.8 59.5

1917 State 899,997 835,259 1,735,256 369,598
Bay Area. 7,184 55,364 62,~48 213,812

3.6 57.8

~,~ 1918 State 1,613,520 .1,014,820 2,628,340 332,270
Bay Area, 51,334 62,736 114,070 . 97,538

4.3 29.3
a Percentage of annual statewlde catch of each group landed ha the San Francisco Bay area each year.

I ~ Miscellaneous landings include odd and unidentified species ~ landings.

I
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APPENDIX B-2--Continued .
LANDINGS OF I

,LANDINGS OF WHITE SEA BASS AND CROAKERS IN POUNDS-Continued ~ MiSCELLANEOUS
MARINE LANDINGS

Year White Sea Bass White Croaker Totals IN POUNDS 2
1,1919 State 2,455,367 609,175 3,064,542 554,879

Bay Area 50,949 41,525 92,474 : ~r6,060
3.0 8.3

1920 State 2,628,108 461~59 3,089,567 258,408 IBay Area 41,596 8,690 ,50,286 40,276

1921 State ........................................................2,569,489 391,085 2,960,574 1,238,326
Bay Area ....................................................................39,888 10,813 50,701 65,744

1.7 5.3
1922 State .................................................. 2,932,051 581,863 3,513,914 251,206

Bay Area .................................................... 48,423 3,459 51,882 96,083
!.5 38.2

11923 State 2,373,847 411,564 2,785,411 170,045
Bay Area ............................................ 22,575 735 23,310 51,022

0.8 30.0

1924 State ....................................................1,489,589. 384,317 1,873,906 339,033 1Bay Area .... 35,624 2,513 38,137 98,369
2.0 29.0

1925 State ............................................. 1,885,109. 536,654 2,421,763 215,603
Bay Area .................................................56,085 3,888 59,973 25,307

I1926 State ............................................. 2,216,402 484,921 2,701,323 230,124
Bay Area .......................................................108,919 41,597 150,516 32,568

5.6 14.2

1927 State 2,273,407 529,267 2,802,674 207,453          lBay Area 23,956 47,521 71,477 25,961
2,6 12.5

1928 State 1,300,214 441,758 1,741,972 181,735

1Bay Area 35,915 26,785 62,700 33,177
3.6 18.3

1929 State 1,562,232 476,497 2,038,729 352,603
Bay Area 67,328 44,932 112,260 32,180

1930 State 1,626,422 457,167 2,083,589 134,299
Bay Area ............ 48,411 40,346 88,757 12,460

4.3 9.3

1I931 State 1,399,413 414,034 1,813,447 67,187
Bay" Area ........................................................28,234 4,646 32,880 41,659

1.8 62.0
1932 State ............................................................804,796 447,531 1,252,327 151,167

I
Bay Area .............................................: ........... 11,389 10,529 21,918 98,886

1.8 65.4
1933 State ....................................................1,I63,083 564,274 1,727,357 148,189

Bay Area .............................................................1,306 15,755 17,061 114,633
1.0 77.4 I1934 State 851,197 634,345 1,485,542 234,823

Bay- Area ..........................................................354 19,247 19,601 219,147
1.3 93.3

1935 State ¯
1,066,419 768,676 1,835,095 229,546 1Bay Area .............................................407 13,458 13,865 207,057

0.8 90.2
I936 State ...........................................................808,093 652,134 1,460,227 178,417

Bay" Area ....... 4,442 13,460 17,902 163,005 11.2 91.4
I937 State ............................................................................599,419 645,759 1,245,178 163,252

Bay- Area ......................................................................11,634 6,165 17,799 138,605 .
1.4 84.9

1I938 State ............................................................................626,647 493,209 1,119,856 284,279
Bay Area .....................................................................11,071 6,213 17,284 77,040

1.5 27.1
¯ MisceLlaneous landings include odd and unidentified s~eeies or landings.

I
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I APPENDIX B-2--Continued
LANDINGS OF

LANDINGS OF WHITE SEA BASS AND CROAKERS IN POUNDS-ConHnued MISCELLANEOUS
MARINE LANDINGS

Year "~Vhite Sea Bass White Croaker Totals tN POUNDS ~
193.9 State 994,396 542,901 1,537,297 269,902

Bay Area 16,817 5,386 22,203 72,364
L4. 26.8

I

I940 State 915,716 412,228 1,327,944 237,759
Bay" Area 27,569 16,510 44,079 75,004

3.3 31.5
!941 State 908,296 325,155 1,233,451 258,315

Bay Area ........... 42,274 2,676 44,950 48,395I 3.6 18.7
1942 State 553,855 284,225 838,080 111,471

Bay Area 14,440 1.617 16,057 I6,941
1.9 15.2

I t943 State 500,i83 396,633 896,816 158,698
’ Bay Area .... 13,948 4,829 18,777 26,174

2.1 16.5
1944 State 393,988 367,701 761,689 99,569

I Bay Area.._ 8,912 1,980 10,892 12,668
1.4 12.7

1945 State 527,355 459,515 986,870 372,668
Bay Area. 34,435 8,255 42,690 39,i93

4.3 8.9
1946 State 616,511 437,023 1,053,534 171,753

Bay Area 20,157 8,113 28,270 19,170
2.7 11.2

I 1947 State 1,083,023 458,686 1,541,709 .310,I23
Bay Area 12,093 4,588 16,681 11,902

1.1 3.8
1948 State 1,114,290 643,027 1,757,317 202,009

I Bay Area 5,692 5,176 10,868 66,896
0.6 33.1

1949 State 1,412,238 764,429 2,176,667 254,404
Bay Area 8,718 2,348 11,066 41,046

I 0.5 16.I
1950 State ............................................ 1,532,730 747,387 2,280,117 120,350

Bay &tea.__. 3,635 5,227 8,862 32,463
0.4 27.0

I 1951 State 955,145 681,950 1,637,095 156,972
Bay Area 2,407 7,893 I0,300 56,691

0.6 36.1
1952 State 692,232 3,273,384 3,965,616 137,231

I Bay Area 5,620 12,455 18,075 41,962
0.5 30.6

1953 State 471,206 1,201,060 1,672,266 266,682
Bay Area 219 3,179 3,398 48,757

i, 0.2 18.3
1954 State 434,354 913,674 1,348,028 4,i31

Bay Area 11,423 6,070 17,493 271
1.3 6.5

I I9~5 State 544,953 818#97 1,363,950 4,486
Bay Area 1,329 8,114 9,443 56

0.7 1.2
1956 State 413,956 889,850 1,303,806 2,000

i
Bay Area 197 9,637 9#34 22

, 0.8 1.1
1957 State ................................................ .. 1,261,955 535,317 1,797,272 1,717

Bay Area ....... 3,237 3,373 6,610 I27
0.4 7.4

~1 1958 State 2,750,652 770,534 3,521,186 1,752
Bay Area ................ 13,246 6,165 19,411 59

0.6            3.4
~ Miscellaneous landings include odd and unidentified species o~ landings. ,

!
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APPENDIX B-2--Continued
I

LANDINGSOF MOLLUSCAN F~SHI-’RIES IN POUNDS
Mist: " Softshell ,~

Year                         Abalone Clams Clams Oysters Octopus Totals
1916 State 762,001 679,03# 73,674 2,00#,364 26,383 3,#46,457

Bay" Azea .... 6,091 #8#,709 7#,674 2,00#364 10,989 2,683,827
Percentage ~ 7#.6

1917 State 637,780 438,#44 187,864 8#7,452 37,93# 2,159,57# []
Bay" Area 10,316 29#,641 187,864 857,4#2 11,896 1,363,169

63.1
1918 State 602,919 223,171 312,143 1,423,879 32,739 2,$94,8#1

Bay Area 405 119,789 311,0#8 1,423,879 14,693 1,869,824 I
72.1

1919 State 759,203 126,6#6 302,#76 1,607,37# 21,492 2,817,302
Bay Area ___~ 22# #8,752 302,366 1,607,37# 6,330 1,975,048

70.1
I1920 State 806,716 131,041 233,124 1,180,901 70,740 2,422,522

Bay Area #20 49,670 232,684 1,180,90I 25,I00 1,488,875
61.#

1921 State 1,481,170 83,532 216,600 773,884 #6,266 2,611,452 I
Bay Area 405 #2,939 215,944 773,884 7,424 1,050,596 1

40.2
1922 State 1,$23,394 110,727 343,262 743,252 98,#88 2,819,223

Bay Area ~ 55,$#4 342,746 743,2#2 10,889 1,152,441 1
40.9

1923 State 1,#55,134 121,988 283,09# 688,103 110,222 2,758,$42
Bay Area ## 43,778 283,09# 688,103 10,096 1,025,127

37.2

I
IgN State 2,241,812 104,943 243,324 526,77# 166,291 3,283,145

243,324 #26,77# 7,800 .826,797
Bay Area ---- 48,898 2#.2

1925 State 2,352,861 90,772 264,0#6 569,168 133,449 3,410,306 I
Bay Area ~ 66,903 264,056 569,168 !5,716 ’915,843

26.9
1926 State 2,060,770 67,792 24#,962 610,782 63,304 3,048,610

Bay Area ....... 47,309 245,962 610,422 8,532 912,245
29.9

I1927 State 2,816,530 100,208 151,383 554,921 36,693 3,659,735
Bay Area ---- $7,286 151,383 554,92I 3,908 767,498

21.0

I
1928 State 2,066,243 68,923 148,542 753,148 9,732 3,046,588

Bay Area ---- #6,9#8 148,422 753,148 2,5#3 961,081
31.5

1929 State 3,438,858 79,992 10.1,460 499,207 87,123 4,206,640 1
Bay Area 8,751 51,858 101,450 495,009 18,120 675,188

16.1
1930 State 3,176,513 142,804 116,571 623,610 76,980 4,136,478

.Bay Area ....... 90,658 116,571 623,610 13,719 844,558
20.4

J1931 State 3,262,166 135,285 101,738 629,932 64~601 4,193,722
. Bay Area ....... $8,381 101,543 629,932 #$64 79#,720

19.0
1932 .State 2,817,345 184,754. 165,o41 39o,791 21,187 3,579,118 I

Bay Area ~___ 123 127,593 164,351 381,649 2,980 676,696 I¯
18.9

1933 State 2,756,188 119,320 173,039 428,240 31,521 3,$08,308
Bay Area ---- 71,669 173,039 350,152 8,855 603,715 1

17.2
1934 State 3,223,492 119,345 222,011 610,178 30,38# 4,205,411

Bay Area ..... 60,885 221,801 559,938 10,567 853,191
20.3 1193 # State 3,870,921 127,599 153,405 669,057 81,204 4,902,186

Bay Area ..... 17,775 #8,804 l~3,405 599,177 23,998 853,159
17.4

~ Percentage o~ annual statewide catch of each group landed in the San Francisco Bay ar~ each. yea~. ls Includes mussels.
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I APPENDIX B-2--Continued

LANDINGS OF MOLLUSCAN FISHERIES, IN~ POUNDS-Continued
Misc.        Softshell

I Year Abatone Clams Clams Oysters       Octopus Totals

1936 State 3,302,195 ’63,320 90,971 665,264 62,452 4,184,202

" Bay Area                          .33,667 6,839 90,971 655,998 .... 12,305
799,78019.1

i 1937 State 2,863,175 55,067 92,915 1,088,947 23,884 4,123,988

Bay Area " ’ 6,758 921836 1,062,062 3,695 1,165,351
¯ --- 28.2

1938 State 2,121,468 51,612 87,219 1,520,324 32,632 3,813,255

I Bay Area 6,778 86,685 1,459,129 6,181 1,558,773
.... ’ 40.9

1939 State 1,804,440 47,991 75,72 t 1,803,790 29,539 3,76!,481

Bay Area 7,799 75,187 t,715,126 3,007 1,801,119
.... 47.9

1940 ’State 1,724,084 40,597 63,235 1,430,389 26,580 3,284,885

Bay/Lrea~’ 5~215 62,921 1,303,248 5,684 1,377,068
~ r

-- ..... ~ . 41.9~

1941 State ~- 1,002,330 22,694 65,988> 1,829,159 40,075 2,960,246

i Bay Area 2,609 65,988 1,640,535 6,499 1,715,631
~ " 58.0

1942 State 164,462 10,865 73,144 707,341 7,396 963,208

Bay Area ---- 1,017 73,144 41!,254 1,015
486,43050.5

I 1943 State 680,274 898 46,557 851,431 18,020 1,597,180

Bay ,Area 5,891 120 46,557 411,780 4,961 469,309
29,4

I 1944 State 1,630,402 1,830 31,316 743,582 7,536 2,414,666

Bay Area 289,301 31,316 284,077 4,385 609,079
~-- : 21.2

1945 State 2,429,312 7,634 13,425 375,319 12,f86 2,838,276

I Bay Area 390,310 13,067 146,109 7,144 556i630’
---- 19.6

1946 State 2,095,762 21;155 22,239 172,609 37,997 2,349,762

Bay Area 15,161 .... 22,239 86,328 11,499
... 135,227.5.8

’1 !947 State 2,669,285 11,477 22,584 179,814 53,019 2,936,179
¯

Bay Area ....... 22,584 133,779 19,967
176,33ff6.0

19~8 State 3,228,727 67,980 1,373 497,762 120,697 3,916,539

Bay A_tea ,.41,616 ~,063 342,809 50,543 436,031.

~ , -- ......... ,. II.I

..... 281,669 75,051 4,017,016
!949. State 3,599,998 60,298 .....

~ r 158,387 24,154 236,185’

I Bay Area 53,644 :-~-- , 5.9

", .... !! ’ 296,857 59,629 4,349,398
1970 State 3,954,791 38,121 ....

27’7,747 26,660 ¯ ’ 322,776
Bay Area .......... 18,369 m_ -~ .. . .. 7.4

I, 1951. State 4,084,115 47,056 .... 330,019 29,200 4,490,390

Bay Area 8,005 ....... .... 328,771 12,662
349,4387.8

I 1952 State 4,784,033 11,010 ..... 349,412 18,592 5,163,047

Bay Area 4,923 __. ...... 298,225 6,865
310,013"6.0

1953 State 4,720,350 13,122 .... 291,253 17,124 5,041,849

Bay Area ~ .27,325 248 264,18.2 4,20f 295,960

I --o- ---- 5.9

1954 State 4,099,525 11,843 --- 591,595 30,758 4,733,721

Bay Area. 13,553 112 280,076 9,113 302,854
.... 6.4

"1 1955 Bay"      State Area ................4,185,875               23,6649,493            113 ....... 1,794,545                         338,94026,346         11,6946,016,259           374,411

¯ " ....... 6.2

I ~No comme~dal so£tahell dams landed in Bay Area a£ter 1948.

I
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APPENDIX B-2-Cont|nued

LANDINGS OF MOLLUSCAN FISHERIES IN POUNDS-Continued
Misc. Softshell

X!ear                         Abalone Clams Clams Oysters Octopus Totals
1956 State 4,284,063 11,317 __ 6,273,600 16,217 10,585,197

Bay Area ........... 17,965 ~ ~ 473,560 5,249 496,774
4.7

1957 State .~,421,914 3,899 _-- 11,291,689 30,920 16,748,422
Bay Area 17,225 .... 516,792 6,I67 540,184

3.2
19f8 State 4,224,018 4,~1 ___ 9,646,911 15,110 13,890,680

Bay Area ............ 13,075 ~ 629,331 3,378 645,784
4.6

LANDINGS OF COMMERCIAL
FRESHWATER FISHERIES

LANDINGS OF CRUSTACEAN FISHERIES IN POUNDS IN POUNDS
Year Crab Shrimp Totals Ca~sh Rougkfish Totals
I916 State .1,296,912 411,847 1,708,759 372,420 267,252 639,672

Bay Area ......... 821,568 411,847 1,233,415 338,076 241,879 579,955
Percentage! 72.2 90.7

1917 State 2,580,840 605,004 3,185544 443,316 250,467 693,783
Bay .Area 2,054,472 605,004 2,659,476 434,824 189,185 624,009

835 89.9
I918 State 1,619,280 722,178 2,341,458 409,752 369,247 778,999

Bay Area 1,490,496 722,178 2,212,674 400,776 274,130 674,906
94.5 86.6

I919 State 1,304,904 747,023 2,051,927 329,716 348,608 678,324
Bay Area 1,246,440 747,023 I#93,463 329,716 345,969 675,685

97.2 99.6
t920 State 1,220,568 817,091 2,037,659 224,730 172,677 397,407

Bay Area .............1,143,840 817,091 1,960,931 224,536 167,447 391,983
96.2 98.6

1921 State 800,952 908,473 1,709,425 296,232 204,383 500,615
Bay Area ..............719,328 907,467 1,626,795 296,232 204,324 500,556

95.2 99.9
I922 State ................860,328 990,349 1,850,677 ~ 251,358 104,323 355,681

Bay Area ............ 714,840 990,349 1,705,189 251,358 104,170 355,528
92.1 99.9

1923 State ...............1,075,800 1,113,358 2,189,158 258,572 177,092 435,664
Bay Area 813,744 1,113,358 1,927,102 258,572 177,092 435,664

88.0 I00.0
1924 State .............. 1,506,816 1,551,086 3,057,902 703,920 105,697 809,617

Bay Area ............1,289,400 1,H1,086 2,840,486 703,920 10f,697 809,617
92.9 100.0

I925 State 3,234,312 1,460,234 4,694,546 732,558 136,993 869,551
Bay Area ...... 2,976,000 1,460,234 4,436,234 732,H8 136,738 869,296

94.5 99.9
I926 State 3,296,280 1,431,511 4,727,791 514,754 126,103 640,857

Bay Area 3,051,696 1,431,511 4,483207 514,754 113,246 628,000
94.8 98.0

1927 State 2,960,712 1,697,365 4,658,077 742,606 115,398 858,004
Bay Area ..........2,539,872 1,697,365 4,237,237 742,606 112,797 855,403

91.0 99.7
I928 State .................3,574,734 2,280,871 5,855,60f 918,202 234,531 1,152,733

Bay Area ...............3,015,888 2,280,871 5,296,759 918,202 234,531 1,152,733
90.5 I00.o

1929 State .......................1,792,776 3,054,748 4,847,524 1,012,318 153,191 1,I65,509,
Bay Area .................1,691,784 3,0f4,748 4,746,~32 1,012,318 153,191 1,16Lf09

96.9 lOO.0
1930 State ..................1,992,396 2,696,567 4,688,963 866,382 133,996 1,000,378

Bay Area ..............1,898,832 2,687,831 4,586,663 866,382 131,62I 998,003
97.8 99.8

z Percentage o~ annual statevdde catch of each gzoup landed Ju the San Francisco Bay area each year.
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LANDINGS OF CONMERCIAL
FRESHWATER FISHERIES

LANDINGS OF CRUSTACEAN FISHERIES IN POUNDS-Continued IN POUNDS-Continued
Year                           Crab Shrimp Totals Catfish Roughfish Totals
1931 State 2,231,440 1,688,877 3,920,317 741,360 135,805 877,165

Bay Area ........2,116,601 1,684,763 3,801,364 741,360 95,283 836,643
97.0 95.4

1932 State             2,434,132 2,682,789 5,116,921 508,112 533,861 1,041,973
Bay Area 2,290,131 2,681,807 4,971,938 508,112 523,311 1,031,423

96.7 99.0
1933 State 3,223,312 2,088,750 5,312,062 344,926 246,966 591,892

Bay Area ...... 2,893,726 2,087,952 4,981,678 344,926 246,966 591,892
93.8 100.0

1934      State .................3,792,651 1,784,573 5,577,224 369,710 446,700 816,410
Bay Area .........3,422,158 1,783,651 5,205,809 369,710 424,952 794,662

93.3 97.3
1935 State 3,693,005 3,447,442 7,140,447 586,648 313,836 900,484

Bay Area .........3,496,990 3,444,840 6,941,830 579,248 265,770 845,018
97.2 93.8

1936 State 2,328,004 2,242,710 4,570,714 610,054 293,450 903,504
Bay Area ............2,075,646 2~240,849 4,316,495 604,232 293,308 897,540

94.4 99.3
1937 State               1,629,463       1,111,802       2,741,265637,942 112,000 749,942

Bay Area 1,423,521 1,108,747 2,532,268 637,942 112,000 749,942
92.4. 100.0

1938      State 3,877,447 1,851,211 5,728,658 624,618 64,416 689,034
Bay Area .... 3,169,658 1,847,926 5,017,584 624,490 62,505 686,995

87.6 99.7
1939 State 5,957,345 1,180,250 7,137,595 434,072 42,831 476,903

Bay Area        : 3,561,416 1,175,979 4,737,395 434,028 42,831 476,859
66.4 99.9

1940 State 5,154,474 1,082,551 6,237,025 303,260 27,956 331,216
Bay Area~___3,856,126 1,080,190 4,936,316 303,260 27,391 330,651

79.1 99.8
1941       State 4,262,985 957,509 5,220,494 353,846 208,149 561,995

Bay Area ........3,750,652 952,152 4,702,804 353,846 29,033 .382,879
90.1 68.1

1942 State 2,414,190 800,958 3,215,148 341,160 181,099 522,259
Bay Area .... 1,638,944 800,958 2,439,902 341,160 148,449 489,609

75.9 93.7
1943 State ................2,315,338 253,258 2,568,596 419,050 31,235 450,285

Bay Area ..........2,021,556 253,215 2,274,771 418,970 31,235 450,205
88.6 99.9

1944        State 2,925,316 291,974 3,217,290 680,936 28,777 709,713
Bay Area ...............2,429,439 291,974 2,721,413 680,936 24,794 705,730

84.6 99.4
1945 State ....................4,346,083 383,599 4,729,682 850,668 135,984 986,652

Bay Area ..........2,914,474 382,147 3,296,621 850,668 104,989 955,657
69.7 96.8

1946 State ...................9,645,230 437,320 10,082,550 820,666 272,314 1,092,980
Bay Area ..............3,748,144 432,145 4,180,289 820,666 211,884 1,032,550

41.5 94.5
1947 State .......................10,748,623 842,773 11,591,396 599,744 293,648 893,392

Bay Area .................5,077,135 841,086 5,918,221 599,744 293,648 893,392
51.1 100.0

1948 State ........................11,912,191          930,817       12,843,008 274,730 1,064,383 1,339,113
Bay Area ..................5,977,942 926,707 6,904,649 274,730 971,797 1,246,527

53.8 93.1
1949 State ......................11,133,046 804,393 11,937,439 201,730 662,601 864,331

Bay Area ...................3,807,323 800,441 4,607,764 201,730 497,207 698,937
38.6 80.9

1950 State ............................11,721,352 918,971 12,640,323 299,494 1,067,612 1,367,106
Bay Area ..................5,052,470 913,181 5,965,651 299,494 835,759 1,135,253

47.2 83.0
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APPENDIX B-2--Contlnued
LANDINGS OF COMMERCIAL

FRESHWATER FISHERIES
LANDINGS OF CRUSTACEAN FISHERIES IN POUNDS-Continued -IN POUNDS-Continued
Year                          Crab Shrimp Totals Ca~sh Roughfish Totals
1951 State 11,566,901 934,0!7 12,500,918 238,126 933,864 1,171,990

Bay Area 3,551,.917 93!,323 4,483,240 238,126 829,473 1,067,599
359 9!3

1952 State 12#58,654 1,121,059 " t4,0791713 1.78,630 833,409 1,012,039
Bay Area ...............3,894,965 916,223 4,811,188 178,630 598,305 776,935

34.2 76.8
1953 State ..~ .............8,i74,865 1,006,780 9,2,8i~;645 " 29,754 437,966 467,720

¯ :. Bay Area_ 4,125,890 777,6~1 4,903,541 29,754 333,334 363,088
52.8 78.1

1954 State ............... 7,828,208 1,037,605 8,865,813’ ’. P~ohibited ~ 601,079 .~ 601,079
Bay Area ...... 4,020,525 857,519 4,787,044 ’ -- 599,788 ’ 599,788

55.0 99.8
1955 State 6,113,884 1,~22,451 7,636,335 __ 800,658 800,658

Bay Area 4,466,563 1,013,412 5,459,975 __ 800,-~10 800,210
71.8 99.9

t956 State 14,320,169 1,888,380 i6,208,549 __ 932,453 932,453
Bay Area 5,974,661 ’991,551 6,966,212

43.0 100.0
I957 State I9,269,615 1,567,410 20,837,025 -- 578,098 r 578,098

Bay Area 8,559,912 643,308 9,203,220 __ 578,098 578,098
44.2 100.0

1958 State 17,449,728 1,775,546 19,225~274 __ 756,434 756,434
Bay" Area 7,405,578 218,759 7,624,337 __ 756,434 756,434

39.7 100.0

LANDINGS OF ANADROMOUS FISHERIESIN, POUNDS
Year Salmon Shad Striped Bass Totals
1,9i6 State ........... 10,939,594 4,692,695 941,849 16,574,1.38

.Bay Area ...... 3,654,716. 4,584,804 937,224 9,276,744
Percentage~. ’ 56.0

1917 State ........ 11,060,581 5,675,509 1,095,856 17,831,946
Bay Area ....... :._          " .,_..... 5,575,6.i6 5,655,264 1,085,615 i2,316,495

1918 State ...................... 13,093,,188. 2,383.,635 1,407,84i 16,884,�.64

1919 State ..................... i3,I45,727 1,574,413 768,934 i5,489,074

.... 71.0
1920 State ........................ 11,133,819 1,409,768 671,747 13,215,334

Bay Area .... ’: 8,196,!~8 " 1,409,522 671,690 . ::’: 10,277,320;

1921 State 7,990,932 862,8.97 601,614 9,455,443
"’ Bay ~rea .......Z_ .......... 5,359,36i 862,887 601,432 ’ 6,823,680

I922 State 7,235,124 1,109,445 684,198 9,028,767
Bay Area._ ...... ’. 4,283,350 1,109,445 683,928 :, 6,076,723’

.... ;* 67.3
1923 State ........ 7,090,260 1,285,383 909,573 9,285,216

Bay Area ............’ 4,302,725 1,285,334 909,343 ’ " 6,497;402’
." 70.0

1924 State 10,015,269 1,539,217 661,777 12,216,263
Bay Area ...... 6,944,395 1,538,735 660,434 9,143,564

74.8
1925 State .............................................................9,525,753 2,439,726 837,773 12,803,252

Bay Area ...........................................................4,631,976 2,439,441 837,716 7,909,133

t Pe.tcentage ot annual statewide catch o~ each g~oup landed ~u the San 17zandsco Bay azea each yeaz.
~ Catfish closed to commercid fishing in 1954.
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APPENDIX B.2~Co, ntlnued

LANDINGS OF ANADROMOUS RSHERIES IN POUNDS-Continued
Year Catch                                            Salmon Shad Striped Bass Totals
1926 State ...... 6,084i079 902,202 750,801 7,737,082Bay Area ..... 3,206,484 902~202 750,731 4,859,417

62.8
1927 State._~. 6,511,929 4,103,423 647,594 11,262,946Bay" Area .......... 3,938,430 4,103,423 647,594 8,689,447

77.2
1928 State ..... 4,478,566 2,088,878 484,113 7,051,557

Bay Area 2,932,307 2,088,878 484,113 5,505,298
78.1

1929 State .................................................... 5,044,871 1,602,970 528,98I 7,176,822
Bay Area ...................................................2,470,151 1,602,970 528,981 4,602,102

64.1
1930 State ............ 6,002,894 1,199,462 866,808 8,069,164

Bay/krea ............... 3,335,972 1,199,459 866,808 5,402,239
66.9

1931 State ....... 5,294,511 851,974 975,807 7,122,292Bay Area ....... 1,388,282 851,954 975,807 3,216,043
45.2

1932 State ............................ 4,618,I71 1,173,47i 537,427 6,329,069
Bay Area 1,492,393 1,173,355 5"37,427 3,203,175"

50.6
1933 State ............ 4,558,434 1,157,526 485",926 6,201,886

. Bay Area ............. 647,849 1,157,521 485,926 2,291,296
36.9

1934 State 4,319,102 872,603 801,341 5,993,046
Bag Area ........... 1,264,088 827,557 801,301 2,892,946

48.3
1935 State ..... 5,661,980 1,602,251 502,080 7,766,311

Bay Area 1,942,655 1,602,194 502,073 4,046,922
52.1

1936 State 5,042,654 2,272,989 Prohibited o 7,315.,643
Bay Area 1,396,727 2,272,978 .... 3,669,705

50.2
193.7 .State 6,909,867 652,657 7,562,524

Ba)~ Area 2,183,285 652,620 ........ 2,835,905
37.5

1938. State 3,839,297 1,338,727 ..... 5,178~024
Bay Area 1,785,925 1,338,722 ..... 3,124,647

60.3
1939 State 2,735,688 !,316,768 ----.~ 4,052,4~56

Bay Area ........ 931,559 1,316,765 --~ 2,248,324
55.5

1940 State.... 6,675,991 !,764,027 ....... 8,440,018
Bay Area 2,692,674 1,764,027 --- 4,456,701

52.8
1941 State 3,790,957 113,101 ...... 3,904,058

Bay Area ___. 1,220,729 I12,912 ..... 1,333,64t
34.2

1942 State .......... .6,616,250 2,571,633 .... 9,187,883
Bay Area . 4,194,961 2,571,595 ....... 6,766,556

" 73.6
1943 State ...... 6,580,951 2,348,143 ..... 8,929,094
,    Bay Area .. 3,316,632 2,347,902 -~ 5,664,554

63.4
I944 State ~ 10,286,991 2,688,664 .... 12,975,655

Bay Area ~ 5,911~857 2,688,664 ..... 8,600,521
66.3

1945 State 13,380,714 1,483,674 ........ 14,864,388
Bay Area ....... 7,899,914 1,~82,894 ~ 9,382,808

63,1.~ Stri~ed bass removed t~xom commezclal category by legislation in "~9~5..
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!APPENDIX B-2--Continued

LANDINGS OF ANADROMOUS FISHERIES IN POUNDS-Continued
Year Salmon Shall Striped Bass Totals /
I946 State ......................................................... 13,659,463 771,303 ___ 14,430,766

Bay Area ....................................... 8,542,694 771,231 .... 9,313,925
64.5

1947 State ........... 11,484,588 305,566 ~ 11,790,15,~ 1
Bay Area .............. 4,866,141 305,147 -.-- 5,171,288

43.9
1948 State ................................................. 7,769,178 426,386 -_- 8,195,564

Bay Area ............................................................3,484,280 426,386 ___ 3,910,666 1
47.7

1949 State .......... 6,847,774 735,826 .... 7,583,600
Bay Area ........................ 3,354,633 735,826 ___ 4,090,459

53.9

1t950 State ...................... 7,758,591 1,263,365 9,021,956
Bay Area ....... 4,072,973 1,263,365 .... 5,336,338

59.1
1951 State ................. 7,085,603 606,191 ___ 7,691,794 1

Bay Area .................. 4,508,571 606,076 5,114,647 |66.5
1952 State 7,259,499 640,277 ~ 7599,776

Bay Area_. 3,675,704 640,040 .... 4,315,74~
54.6

I9~3 State ....... 7,965,672 608,223 .--.-- 8,573,895
Bay Area .... 4,184,243 608,223 .... 4,792,466

55.9
1954 State ........... 9,497,173 737,481 10,234,654

Bay Area 4,281,143 737,481 ~ 5,018,624
49.0

I955 State ..... 11,939,364 478,4~4 ~ 12,417,818
Bay Area ..... 6,2~6,774 478,454 ..... 6,73L228

54.2
1956 Stare. 11,401,372 431,125 .... 11,832,497

Bay Area ..................................................4,078,171 431,125 .... 4,509,296
38.1 !

1957 State__ 5,498,733 448,048 ..... 5,946,781
Bay" Area ...... 1,630,688 448,048 _-- 2,078,736

34.9
1958 State 3,646,100 ....... 3,646,100 1

Bay Area .... 1,675,040 ..... ¢ .... 1,675,040 ’
45.9

¢ Sacramento-San ~oaquha gill net fishery ellminat~d by leglsl~tlon, 1937.

!
APPENDIX B-3

I
COMPARATIVE CO/VIMERCIAL FISHERY STATISTICS FOR CALIFORNIA

AND THE SAN FRANCISCO BAY AREA (1879-1958) 1 I
Number of Number of Value of-" Total ° 1

Year Fishermen Vessels and Boats Products Investment"
1879-80     State ..........................................................

Bay Area ...........................................391 90 $338,150 $26,000, 1
Percentage ~ ...... ,

1880 ~ State ........................................... 3,094 902 1,193,555 1,403,487"
Bay Area ................................................................
Percentage ...............................................................

I~ Values are ex-vessel and include imports from 1916-19~I.
ZValues o£ products £or the years 1926-1935 were estimated ~rom a g~aph (Pish Bulletin No. 49, pp. 137-8).
~ Total inveslanent includes capital outlay ~or vesselg gear, shore property and cash capital.
~ Percentage of the statewide totals attributable to the San Francisco Bay A~ea. 1
=Data ~rbm Jordan (1887) and Collins (1892). |
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APPENDIX B-3-Continued

COMPARATIV~ COMMERCIAL FiSHFR¥ STATISTICS FOR CALIFORNIA
AND THE SAN FRANCISCO BAY AREA(1879-1958) ~"

Number of Number of Value of Total
Year Fishermen Vessels Products Investment
1887 ~ State ......................................................

Bay Area ...........................................394 90 __ $26,000
Percentage ........

1888 7 State ............................................. 5,338 1,448 $4,463,369 2,684,210
Bay Area 4,259 1,023 4,195,864 2,541,730
Percentage 79.9 70.6 93.5 94.7

1889 State ......................................... 4,684 __ 2,465,317 2,081,950
Bay" Area ............................................
Percentage ......

I890 State .............................................. 2,592,826 __
Bay Area .......
Percentage .................................................

1891       State .... 3,031,430 __
Bay Area ........
Percentage ..............................................

1892 State ........................................... 5,509 1,391 2,987,439 2,537,051
Bay Area ........................................4,430 900 2,793,535 2,334,853
Percentage ............................................80.4 64.7 93.5 92.0

1895" State 4,770 1,508 1,786,479 2,612,298
Bay" Area 811
Percentage ...... 17.0 .....

1899 State 3,974 __ 2,551,000 2,774,493
Bay Area ..................................... 1,475 .....
Percentage                                           37.1

I904 State 4,406 2,523,000 1,489,000
Bay Area
Percentage

1908         State ............................................. 4,100 __ 1,970,000 1,568,000
Bay" Area ................
Percentage .... . ~

1916 State 2,663 2,137 .... 5,180,443
Bay Area
Percentage

1917 State 2,152 .....
Bay Area
Percentage

I918 State 4,522 ......
Bay Area .....
Percentage .......

1919 State 5,087 .....
Bay" Area ....................................................
Percentage ..............................................

1920 State 5,269
Bay- Area ...............................................................
Percentage .................................................

1921 State ........................................... 4,462 .............
Bay Area .........................................................
Percentage ................................................................

1922 State ...................................................4,472 ............
Bay Area ’ _ ............
Percentage .................................................................

~ Values are ex-vessel and include imports £rom 1916-1951.
~ Al;ter Jordan (1887).
7Biennial Report State Board ]Fish Commissioners £or 1893-1894 and Collhas (1892),
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APPENDIX B-3-C0ntinue~d

COMPAP~TIVE COMMERCIAL FISHERY STATISTICS FOR CALIFORNIA
AND THE SAN FRANCISCO BAY AREA (1879-1958) ~"

Nnmber Number of Valne of Tota!
Year Fishermen Vessels and Boats Products Investment
1923 State 4,123 ....

Bay Area ......
Percentage .....

1924 State 4,67I __ .~
Bay Area
Percentage ....

1925 State $,072 ....
Bay" Area ........
Percentage ...........

1926 State .............. 5,078 __ . $6,650,000
Bay Area __ __ 1,600,000
Percentage -- __ 24.1

1927 State .......... 5,206 .... 6,900,000 __
Bay Area -- __ 2,000,000
Percentage ..... 29.0

1928 State 5,340 ~. 7,600,000 __
Bay Area .... 1,800,000 __

~ Percentage .... 23.7

1929 State 6,014 1,898 9,4#0,000 __
Bay Area ~ 621 1,900,000 ~
Percentage ~ 32.7 20.1 __

1930 State 6,179 .~ 7,250,000
Bay Area .... 1,850,000 __
Percentage -- __ 255 ’ __

1931 State ........................... 5,651 ..-- 4,500,000 ___
Bay" Area ....... 900,000
Percentage ..... 20.0

1932 State 4,955 .... 3,000,0.00 __
Bay’ Area ........ 7~0,000 .~_
Percentage ............................................ 25.0

1933 State .......................................... 4,991 ..... 4,000,000
" Bay Area ....... 1,050,000 __.

Percentage .......................................... ~6.3 .....
1934 State ....... 5,323 2,123 7,250,000

Bay Area .... 665 1,650,000 __
Percentage --- 31.3 2228 ....

1935 State 6,007 2,453 8,300,000
Bay’ Area 1,100 723 2,150,000
Percentage 18.3 29.5 25.9

1936 State 6,981 2,660 ¯
Bay Area .-- 714 __
Percentage -- 26.8 __

1937 State 7,665 2,843 __
Bay Area --- 755 ~
Percentage .-- 26.6 .__.

1938 State 7,793 3,057 ..7 .
Bay Area -- 822 __
Percentage .-- 28,9 ..... _

1939 State 8,724 3,110 181963,100
Bay Area 1,835 821 .3,534,900 ....
Percentage .........................................~-- ...... 21,0 26.4 18.6 ....

I940 State ...........................................................9,047 3,454 $20,199,2~00 r . $47,000,000
Bay- Area 1,870 850 2,214,~0
Percentage ..........................................20.7 24.6 .10r9

~Values are ex-vcssel and include imports from 1916-1951.
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APPENDIX B-~--Continued

COMPARATIVE CO~ERICAL FISHERY STATISTICS FOR CALIFORNIA
AND THE SAN F~NCISCO BAY AREA (1879-1958)

. N~be~ N~be~ o~ V~lue o~
Ye=                                                   F~she~en Vessels ~nd Bo~ P~oduc~
I941 State . 9,3~ 3,~02 ~22,49~,1~

Bay ~e~ 1,71~ ~78 4,679,800
Percentage 18.4 242 20.8

~942 State 9,04~ 2,96~ 26,210,100

Percentage 143 21.6

19~ State 11,804 ~,726 M,861,600
B~y ~ea 1)789 79~
Percent~e ~ 1S.2 213

I9~ State 10,871 3)782 36,129,4~
Bay ~e~ 1,~70 9~8
Percentage 1~.1 24.8             14.2

194~ State 11,747 4,14~ ~8,6~8,B00
Bay ~e~ 2,04~ I,0~4
Percentage i?.4 24.9 12.0

~9~ State 12,~12 ~,8~
B~y ~e~ 2,0~S 1,12~ ~,37~,200
Percentage 163 23.2

I~ State 12,894 ~,042 60,~2,~
Bay ~ea 1,984 1,0~ 2,9~9,1~
Percent~e 1S.~ 21.1 ~.9

19~8 State 14,261 ~722 80,~$6~971
Bay ~ea 1,9f7 1,1~ 3,086,7~
Percentage 13.7 20.0 3.8

1949 S~re 1~,962 6,160 73,226,801
Ba~ ~ea 1,9~ 1,169 3 J89,102..o  9.o

1950 Sta~e 1~,6~ 6,103 8$,223,~9
Bay ~ea 2,025 1,217 ~,691,286
Percentage "13.9 19.9

1951 Sta~e 13,193 $,837 ~,796,883
Bay ~ea 1,898 1,147 3,1~7,723
Percen~ge 14.4 19.7

I952 State I 1,f66 5,454
Ba~ ~ea 1,69~ 1,0~ 3,3~3,359
Percentage 14.6 195 ~.1

1953 State 11,372 5,430 $9,423,096
Bay ~ea 1,623 L020 3,272,670
Percentage 143 18.8

1954 State 11,647 4,902 67,402,524
Bay ~ea 1,752 987 2,830,~3
Percentage 15.0 20.1 4.2

I955 State 10,277 4,450
Bag ~ea 1,781 947 3,838,539
Percentage 17.3 213 7.2

1956 State 9,811 4,352 57,359,570
Bay ~ea .... 1,796 959 3,275,559
Percen~ge 18.3 22.0 5.7

1957 State 9,595 4,255 50,307,1N
Bag ~ea _. 1,612 ~ 2,389,654
Percen~ge 16.8 ~

1958 State 8,570 3,839 55,929,675
Bay ~ea 1,184 ~ 2,963,420
Percentage 13.8 __

lvNaes ~e ~-ve~d and include ~po~ ~om 1916-1951.

8~41686-~
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APPENDIX B-4

LANDINGS OF SELECTED COMMERCIALSPECIES PRIOR TO 1918
Striped                                     Clams and

Salmon Bass Shad Sturgeoa    Oysters Mussels Bay Shrknp Crab Abalones

1864 96,000-t-
1865 96~000q- ...........
1869 ...... Eastern

oyster Soft-shell .....
1870 __ ~ .... introduced Clamintro ..........

1871 .......... Introduced --- 1869 18697 ........
1872 ...... 1871
1873 .................................
/874~ 4,079,025 ...... 16--+

1875~ 5,095,781 ....... 118,350
1876~ 5,331,423 ....... 274,375
1877~ 6,493,563 ...... 295,650
1878: 6,Y20,768 ....... 334,500
1879~ 4,432,250 Introduced    3,000± 607,800 ~       ~    250,000 ~ ~87,600

1880~ 10,837,400 1879 600q- ..... 750,000 ~ --2,500~000 .....

!881 9,605,000 .... 291,050 .............
1882 9,605,280 ...... 251,700 _._ 2,880,000 5,313,345 2,862,320

1883~ 9,585,672 __ 3,620+ 125,850 " ~ .......
1884 3,909,600 ..............
1885 4,320,000 --- ~ ...........
1886 1,886,400 ..... 5,152-[- ...... --::-    185,104 gel .............
188~ 3,640,000 .... 75,000 1,658,000 .... 4,000,000± 300,000 190,000-----

1888 6,622,978 ....... 90,871 460,000 8,190,000~ 2~294,415 4,902,360 1,867,20& 2,600,000

I889s 6,471,095 1,000q- ..... 495,000 12,369,000~ 1,295,00& 5,000,000± 1,862,00&
---

I890 2,970,111 5,000 ~00,000 587,625 12,829,500 1,750,000s 5,000,000----. 1,920,000~ 70,000~

1891 1,957,354 25,000 600,000 715,795 13,387,800 2,100,000~ 5,000,000± :~,160,00& 60,000r

1892 3,435,710 56,209 526,494 765,297 15,098,700 ... 2,6~4,800 5,31~,075~± 2,640,000~ 7~,000~

18.93 3,950,373 79,738 405,391
1894 4,494,618 144,754 269,379 .... ~ ....
1895~ 4,350,375 252,~52 146,399 299,729 14,975,682 2,070,95~ 5,425,000    2,565,000 302,292
1896~ 3,276,587 60,628-b 68,742+ 175,675 ’L_ .......
1897s 3,979,397 358,194+ 111,137-}- 190,445 ~ ~ ~ .    : ~
1898s 4,079,397 43,857+ 107~744÷ ..........
1899 6,458,959 1,234,320 1,137,801 205,659 2,940,000 2,~35,010 4,047,186 3,676,680 369,411

1900 1~886,592 1~251~202 620,89i
I901 2,414,592 --- ~ Pzohibited

1902 2,312,256 ’ --- __ 1901 ...............

19~3 3,092,640 2,000,000 ................
1904 8,233,148 1,570,404 .......... I,~20,000 ....... , "--

1905 2,472,480 ....................
1906 2,585,952 .................

1908~ 8,001,750 1,776,000 1,169,000 ...... 729,000 .... 979,000 ......

1910 10,256,000 ................................

1913 45,600 ...........................
1914 831,120 ................... ~ ...........
1915 3,471,624 1,784,448 3~111,448
1916 3,450,786 : ........ 15,~b ................
1917 3,975,486 ........ 9,822 ............

x Season~ August 1 to Augast 1.
¯ Salmon figures ~er 1883, 1895, 1908 and 1909 -re £zom U. S. Buzeau Commercial l~ishesies and State Fish Commission zecords and d/tier £zom those

, re]ported by Clark (1929) and Appendix
sNot a £ull year report in 1889.
¯ Poundage estimated f:tom bushels reported on basis o£ 70 lbs./bu. (910,000 l~Otmd~ native oysters shown i~ Table 33, excluded,)
n Poundage estimated £tom boxes repo~ted on basis o~ 70 lbs.ibox.
~ Poundage estimated £rom dozens reported on basis o£ 24 lbs./dozen.
rPoundage estimated ~rom dozens reported on basis O~ 50 lbs,/dozen.
s Statistics t~os striped bass and shad based on market sales ia Sa~ ~zanclsco only.
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[~ APPENDIX B-4-Contlnued

LANDINGS OF SELECTED CO~ERCIAL SPECIES PRIOR TO1918
S~cr~mento

Sree~ead Ca~sh Perch P~e C~ Suckers H~dhead Sp~
1872 .... ~oduced
1873 .... 1872
1874 __ ~odueed
1875 ~ 1874 ..........
I876 ............
1877 ...............
1878 ...............
1879
1880

1882
1883
1884
188~
1886 ......... __
1887                             --- 6,000~ __ . ....
1888 -- 10,000~ 432,000 20,~0 100,000 17~,~ --
1889 ......... 12,000~ 425,000 ,. 18~000 69,000 150,000 ......
1890 .... 10,000~ 1~0,000 25,000 75,000 ~ 17~,000 ......
1891 ...................... 20,000~ 100,000 22,000 90,000 160,000 .........
1892 __ t96,39~ ~,000 20,000 7~,000 140,000 ....
1893 __ 36,544 ...... 33,084 ..........
1894 ~. 32,465 ..... 42,580 ........
1895 461,225 276,605 ....... 45,691
1896 ~ 18,135+
1897 ~ I8,020+ ~ ’
1898 ..... ~ . . .I3,099+ .....
1899 113,600 465;91"1 429,48~ ~      283,514 ....... 185,882 131,926
1900 .... 24,378+ ....... 133,469 .......

1902
i903
1904 ............

~ ............1,096,100
1906 ...................

1908 ......................... 1,069,~0 ..........
19~ ...........
1910

D--01 9360
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APPENDIX ¢

ANADROMOUS FISH AND FISHERIES

APPENDIX,,�-2
I

SACR~ENTO-SAN JOAQUIN RIVER CO~ERCIAL SA~ON CATCH 186~1957I

Catch ~ Catch ~n Catch ~ 1
Year Pounds Year Pounds Year Pounds Value
1864_~ 96,000 1901 ~ 2,414,592 1930 1,213,698
1865 96,000 1902 ~-. 2,312,256 1931 941,605
I874 .... 4,079,025 1903 S 3,092,640 1932 1,264,987 ~
I875 5,095,781 1904 8,233,148 1933 454,253
1876. 5,311,423 1905 ~ 2,472,480 1934 397,572 __~ ’
1877 6,493,563 1906 ~ 2985,952 1935. 888,868
1878_ 6,520,768 1907. 9,111,200 1936. 949,179 .~
1879_ 4,432,250 1908 7,292,000 1937 .... 974,871
1880 10,837,400 1909. 8,796,828 1938 . 1,668,376
1881.............. 9,605,000 1910 .... 10,256,000 1939 ...... 496,933 $57,024
1882 .....--" ........ 9,605~280 1911 1940 .... 1,51~,588 120,094
1883............... 9,000,000 1912. 1941 844,963 64,514
1884a 3,909,600 1913 ~ 45,600 1942 ......... 2,552,944 300,138
1885 ~ .................... 4,320,000 1914 ~ 831,120 1943. 1,295,424 202,140
1886 ~ ................. 1,886,400 1915 .... 3,471,624 1944 ..... 3,265,143 415,974
1887....................3,640,000 1916 .......... 3,450,786 1945. 5,467,960 782,H8
1888 .......................6,622,978 I917 .... 3,975,486 1946____ 6,463,245 921,304
1889...................6,471,09~ 1918 5,938,029 1947. 3,380,484 586,054
1890 ................2,970,111 1919 4,529,222 I948 .......... . 1,939,801 467,686
1891............. 1,957,354 1920 3,860,312 1949 ............ 899,090 220,098
1892                    3,435,710 1921 ..... 2,511,127 I950 ...... 1,211,513 292,703
1893....................3,950,373 1922 1,765,066 1951             1,343,171301,677
1894 ..................4,494,618 1923. 2,243,945 1952 738,17I 164,907
1895.... 3,581,244 1924. 2,640,i10 1953 ........ 869,696 177,938
1896 ....................3,276,587 1925. 2,778,846 1954 ............. 900,961 262,270 ¯
1897............... 3,979,397 1926 1,261,776 1955 2,320,746 600,841
1898 ................4,079,397 1927__. 917,525 1956 1,139,585 361,933
1899................ 6,458,959 1928 ...............553,777 1957 321,824 99,121

1958 .............................

!

1900 ~. 1,886,592 1929 ...............581,497

x Partly a£te~ C1a~k (1929).
S Gill net fishery discontinued by legislative action in 19~7.
~: Lpoundage based on zecozded pack o£ canned salmon on~-

I
D--01 9361
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APPENDIX C-3

PACK OF CANNED SALMON FROM 1864 TO 1919 ON THE SACRAMENTO RIVER1

Cases Canneries Cases Canneries Cases Canneries

Year Packed~ Operating Year Packed~ Operating Year Packed= Operating

1864 ...............2,000 1 1886 ....................39,300 9 1900 ...................39,304 ..

1865 2,000 1 I887 ..................36,500 -. 1901 .................50,304 -

1874 ..............2,500 - 1888 ..............= 68,075 6 1902 ................48,172 -

1875 3,000 1889 57,300 3 1903 ...............64,430 -

1876 .............10,000 ~ I890 ..............25,065 .. 1904 .................54,710 2

1877 ..................21,500 .. 1891 ................~--- 10,353 .- 1905 .....................51,510 1

I878            34,017 6 1892 ...................2,281 .. 1906 ... 53,874

1879 13,855 4 1893 23,336 3 1913 ...................950 i"

1880 ................... ......................62,000 9 1894 .......................28,463 2 1914 ................!7,315 2

1881 ..............~- .... 181,200 20 1895 .......................25,185 3 1915 ...............5,229 3

1882 .....................200,000 19 1896 ... 13,387 .- 1916 .................6,636 1

1883 ..............123,000 21 1897 ...............38,543 - 1917_ . 9,443 3

1884                  81,450 - 1898 ...................29,731 -- 1918 ...............7,607 3

1885-- 90,000 6 1899..- ..............52,580 -- 19t9 ..... 3,125 2

z Cobb, ]’olin N. Pacific Salmon Fisheries. Appendix I to Report of H.S. Commissioner o£ Finagles for 1921, LLS. Btu~u of l~islterles Document No. 902,
also Biennial llepo~ts of Cal~ornla Pish and Game Commission. Includes San ~oaquln l~iver, Sacramento iRive~ and Sulsun :Bay.

~ Reduced to a common basis of 48 one-pound cans to t~e ease.

APPENDIX C4

THE STRIPED BASS PARTY BOAT FISHERY BY BLOCKAND YEAR (1938-1958)
Full Day Boats

Block Block Block Block Block Block Totals

308 301 303 488 302 489

1938
Boat Days ............................591 495 58 343 176 321 1,984

_Angler Days ............................3,248 2,670 247 1,514 876 1,882 10,377

Striped Bass 7,262 3,605 401 2,357 2,003 3,257 18,885

I939
Boat Days ........................1,083 861 98 ’ 236 509 47 2,834
Angler Days 6,040 4,789 341 1,010 2,740 188 15,108

Striped Bass 17,952 9,637 193 1,145 10,744 112 39,783

1940
Boat Days .........................1,251 1,514 155 305 401 299 3,925
Angler Days 6,369 8,082 549 1,321 2,250 1,353 19i924

" Striped Bass .......................18,394 17,796 773 2,792 6,~00 924 47,179

1941
Boat Days ......................900 1,354 118 689 282 626 3,969
Angler Days .........................4,575 7,785 441 3,456 1,414 3,82~ 21,496
Striped Bass ........................11,378 14,061 533 7,653 3,701 6,460 43,786

1942
Boat Days ..............................533 633 62 277 80 44 1,629
Angler Days .......................3,099 3,642 199 1,247 354 198 8,739
Striped Bass ...........................8,389 7,157 261 2,324 707 94 18,932

I943
Boat Days ........................439 539 44 236 93 10 1,361
Angler Days .............................~,I80 ~,789 131 1,246 487 51 8,884
Striped Bass 9,120 6,846 297 2,725 1,497 28 20,513

I9~4
Boat Days ............~ ......... 333 147 87 194 98 1 860
Angler Days .................... 2,674 912 303 877 456 6 5,228
Striped Bass .......................5,880 1,649 698 933 1,484 0 10,644

1945
Boat Days ..............................796 394 398 202 73 6 1,869
Angler’ Days .........................5,165 2,923 1,914 974 343 35 11,354
Striped Bass ...........................14,142 5,027 2,961 1,084 658 0 23,872

x For a dw, ezi~tian 0£ Mo~ ar~ see text.

D--01 9362
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APPENDIX C-4-Cont|nued

THE STRIPED BASS PARTY BOAT FISHERY BY BLOCK AND YEAR (1938-1958)
Full Day Boats

Block Block Block Block Block Block Totals
308 301 303 488 302 489

I946
Boat Days ....................... 1,189 424 844 188 77 14 2,736
Angler Days 7,079 2,500 3,586 892 345 79 14,481
Striped Bass 13,963 3,348 4,540 933 459 18 23,261

1947
Boat Days ...................... 1,698 313 1,185 96 154 41 3,487
Anglers Days ..................11,124 1,842 4,872 442 729 217 19,226
Striped Bass ....................26,716 3,223 5,950 381 1,425 70 37,765

1948
Boat Days 1,082 518 1,074 33 54 292 3,053
Angler Days .................. 6,375 2,900 4,158 166 239 1,500 15,338
Striped Bass ......................13,087 6,373 6,453 207 349 984 27,453

1949
Boat Days ..................... 788 740 1,427 20 22 232 3,229
Angler Days ..................... 5,216 3,859 6,479 83 114 1,046 16,797
Striped Bass ........................8,497 8,498 8,802 3 174 573 26,547

1950
Boat Days 889 270 1,098 $ 13 50 2,365
Angler Days $,614 1,522 4,683 I4 62 425 I2,320
Striped Bass 11,289 2,862 5,181 0 105 88 19,525

1951
Boat Days 1,082 220 1,204 64 12 65 2,647
Angler Days 6,456 1,173 4,921 348 37 289 13’224
Striped Bass ................: ....... 13,052 3,465 7,520 468 134 53 24,692

1952
Boat Days                    815 258 I,$39 180 5 2 2,799
Angler Days 4,709 1,708 6,809 1,029 24 7 14’286
Striped Bass ....................7,060 2,136 9,790 892 33 3 19,914

:1953
Boat Days .......................... 924 184 1,432 405 50 17 3,012
Angler Days ........................ 5,983 1,273 6,515 2,563 294 104 16,732
Striped Bass ........................12,012 4,113 6,089 1,609 520 47 24,390

1954
Boat Days 898 237 986 222 40 32 2,415
Angler Days 6,473 1,861 4,378 1,382 244 175 14,513
S~riped Bass 13,025 4,181 3,073 1,593 654 80 22,606

t955
Boat Days ........................... 807 225 855 90 36 16 2,029
Angler Days 6,082 1,894 3,677 599 201 60 12,513
Striped Bass ............................11,199 2,719 3,768 244 318 12 18,260

1956
Boat Days ................................ 550 323 684 205 8 22 1,792
Angler Days ............................3,875 2,687 2,467 1,255 32 113 10,429
Striped Bass .................................. 4,299 3,238 2,024 1,873 9 50 11,493

I957
Boat Days .......................... 640 392 785 1,204 13 47 3,081
Angler Days 5,092 3,636 3,679 7,352 63 245 20,067
Striped Bass ................................7,991 6,100 2,222 13,743 94 147 30,297

1958
Boat Days ................................. 414 942 578 806 5 20 2,765
Angler Days .............................. 2,730 8,766 2,469 4,760 18 II0 I8,853
Striped Bass ................................4,170 20,445 2,133 10,022 16 153 36,939
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APPENDIX D

MOLLUSCAN FISHERIES

SELECTED MOLLUSKS OF TIlE SAN FRANCISCO BAY AREA
Common Name $cienfiHc Name Common Name Scientific Name
Oysters Clams-Continued

Native oyster __.~ Ostrea lurida Japanese litdeneek .Tapes semidecussata
Giant Pacific oyster Crassostrea gigas Gaper Sabizotbaerus nuttallii
Eastern oyster Crassostrea virg~niaa Soft-shell clam Mya arenaria

Scallops~ Bent-nose dam
Rock scallop Hinnites multirugo~us Abalones

Mussels Red abalone Haliotis
Ribbed horsemussel ,. Ar~uatuta dem~ssa Northern green abalone Haliotis ~vallalensis
Califorrda sea mussel Mytilus aalifornianus Japanese abalone Ftaliotis kamscbatkana
Bay mussel Mytilus edulis Black abalone Halio~s craoherodll
Straight horsemussel VolselIa recta Piddocks and Borers

Clams Marine borer Teredo navalis
Common Washington dam Saxldo~nts nuttaliI Marine borer Teredo
Basket cockle .Clinocardium nuttali Marine borer Bankia setaaea
Pismo clam .Tivela stultorum Mud piddoek Barnea paci~aa
Common littleneck Prototbaaa stamin~a Rough piddock ~ Zir[ea pilsbryi

[ ~o4 ]
I
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APPENDIX F
I

FRESHWATER,FISH AND FISHERIES

APPENDIX F-1 I

LIST OF ,SELECTED FRESHWATER FISHES OF THE SAN FRANCISCO BAY AREA
Trouts Carp and Minnows

Brown t~our ,~dmo trutta Carp_ .Cyprinus carpio
Rainbow trout_ Salmo gairdnerii Goldfish L r .Carassius auratus
Brook trout__ 8alvdimts fontinalis Tench .......... Tinaa

Centrarchids (black basses and sunfishes)
Golder~ shiner Notemigonus ,rysoleuaas |Sacramento blaekfish .........Orthodon raiarolepidotus

Largemouth bass ..................Mieropterus salmoides Fathead mirmow ..........Pimephales #romelas
Smallmouth bass ........_Miaropterus doIomleui Hardhead Mylopharodon aonoaephalus
Green sunfish ...... Lepomis ayanellus Sacramento hitch______~Laviaia exiliaauda exiliaauda ¯
Pumpkinseed LeporMs gibbosus Sacramento squawfish ........Pytabo~bdlus grandis |Bluegill Lepomis maabroahirus Splittail. Pogoniahtbys maarolepidotus
Redear sunfish.._ Lepomls raiarolophus Venus roach .................Hesperoleuaus venus~us
White Crappie .........Pomoxis annularis
Black Crappie ...... Pomoxis nigromaaulatus

Sacramento tui chub ............Siphatales bioolor ~ormosus
Pacific speelded dace__~Rbiniobtys os~ulus aarringtonii

Sacramento perch ............._Aroboplites interrut~tus
Miscellaneous Fishes

Catfishes Mosquitofisk Gambusia a~finis
Channel catfish ___l~taIurus pun~tatus Yellow perck Per~a
White catfish .................Iotalurus cams Tule perch- ........ Hysterocarpus
Brown bullhead ....._.__Ictalurus nebulosus Shiner perch___ Cymatogaster aggregata
Black bullhead, IataIurus melas Prieldy seulp~ Corms asper

Suckers Staghom sculpin ........Leptoaottus armatus
Sacramento western sueker__Catastomus oacidentalls             Arrow goby~__Cle~elanditt

oaaidentalis 1Liver lamprey Lampetra ayresii

[ 2o6 ]
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APPENDIX F-2

SOME INITIAL INTRODUCTIONS OF FRESHWATER FOOD AND GAME
FISHES NOW OCCURRING IN THE SAN FRANCISCO BAY AREA

Number Eggs ~ Source of
Species Year    or Fish Stock Location Stocked

Eastern brook trout (Salvelinus fominalis) \ ....1872 6,000 __ North Fork, American River
Alameda Creek, Alameda County
San Andreas Reservoir, San Marco

County
1875 60,000 New Hampshire . Sonoma, Napa, Alameda, Santa

Clara, Mendocino, Yolo, Ne-
vada and Placer Counties

Subsequent introductions 1877, 1878, 1879.
Brown trout

(Lock Leven) trout (Saline trutta) ....1894 20,000 Northville, Mich. Webber Lake, Nevada County
(German, or Von Behr) trout

(Salmo fario = .trutta)2. .........1893 __ __ . Humboldt County by- U. S. Fish
Commission

1895 135,000 __ Widespread throughout the north
half of State.

Smallmouth black bass (Mi~ropterus
dolomieu) ................................1874 75 adults Lake Champlain, Vt. Napa Creek, Napa County

24 juveniles St. Johns River, Mich. Alameda Creek, Alameda County
Largemouth black bass (Mioropterus

salmoides) ~ 1874 ..... Lake Champlain, Vt.
St. Johns River, Mich.

1879 22 Crystal Springs Reservoir
San Mateo County, Lake Temascal,

Alameda County
Subsequent introductions 1891, 189f
White canemh (lotalurus oatus) ..............1874 54--56 Raritan River, N.J. San Joaquin River near Stockton
Brown bullhead (Iatalurus mbulosus. ...........1874 70 Lake Champlain, Vt. Ponds near Sacramento

1874 144 Schuylkill River, Penn.San Joaquin River near Lathrop

Channel catfish (Iotalurus punaatus’~ ..........1891 yearlings ~ Feather River and Lake Cuyamaca,
Santa Barbara CounW

1895 10 adults ~_ Chico Creek

Carp (CyWinus oarpio) ...................................1872 5 adults Holstein, Germany Private pond, Sonoma County
1877 88 Japan

Subsequent 1879, 1882, 1883.introductions

Tenck (Thwa tlnaa) ..................................1922 12-24 Ita!y Reservoir ou Balonesi Ranch, Lobi-
4 to 6 in. fish tas Creek, San Marco County

Bluegill (Lepomis macrocbirus) .....................1890-1 ......... Lake Cuyamaca, Santa Barbara
County

Green sunfish (Leffomis oyanelhts) ................1890-1 ........ Lake Cuyamaca, Santa Barbara
County-

Pumpkinseed gibbosus) ...................... ..... Mecca, ¯(Lepom~s 1915 RiversideCounty

Susan River, Lassen County

1942 ........ Antelope Creek, Modoc County

1951 Klamada River, Siskiyou County

Redear sunfish (Lepomis miorolopbus) ..............1954 3,960 ~ Southern California
fingerlings ......

.t956 166 adults __ Central Valley Hatchery and other
ponds, Sacramento County

White crappie (Pomoxis annularis) ...............1891 28~ ..... Lake Cuyamaca, Santa Barbara
Cotmty

Black crappie (Pomoxis nigromaoulatus) ............1891 ........ Lake Cuyamaca, Santa Barbara
County

xThe Eali£ornia Acclimatization Society is repo~ted to have raised eastcrn brook trout ~om eggs irnl~ortcd £rom the East as e~ly as 1869 or
~ At the present tfiam in Ca!ffornia on!y one specie~ of brown trout is recognized, namely Saline
~ Apparently largemouth black bass we2e introduced at the same time as the smallmouth, but details are lacking,
¯No xccord o£ introduction, but apjpa~enfly ti~st brought to California by U.S. Bureau o£ Fisheries.

D--01 9368
[3-019368



APPENDIX G

WATERFOWL, UPLAND GAMI:: AND SHORE BIRDS

APPENI~IX

A LIST OF THE MORE COMMON WATERFOWL, UPLAND GAME AND SHORE BIRDS OF
THE SAN FRANCISCO BAY AREA

The common and scientL~ic names are listed followed byCommon Name Scienti~c Name Code
code lettering, which indicates the abundance, duration, and C. Tree Ducks
season of residence in the Bay Area. Fulvous tree duck Dendrocygna blcolor

Abundance Code Season Code Residence Code bdva RSV
A-Abundant F-Fall R-Resident
C-Common W-Winter V-Visltant D. Mergansers or Fish Ducks
R-Rare Sp-Spring M-Migrant Hooded merganser Lopbodytes cucullatus RWV

S-Summer American merganser Mergus merganser
ameriaamts        CWV

Thus: RR would indicate a rare resident Red breasted Mergttr serrator CWV
ASpSFV would indicate abundant spring, summer, and merganser

fall visitant
CSpFM would indicate common spring and fall migrant
CR&_A.WV" would indicate common resident and abtm- Group II Geese and Brant

dam winter visitant Great Basin Canada Branta canademis
goose mo[fitti CWV

Group I Ducks Lesser Canada’ goose Branta aanadensis
A. Puddlers or Dabblers leucoparia CWV

These species feed primarily at or near the water surface,Caclding goose Branta eanadensisalthough many of them also leave the water to graze, minhna CWV
Common Name Scientific Name Code Pacific black brant Branta nlgricans CWV

Mallard Anus platyrbynobos Emperor goose PbiIacte aanagica RVC’Vplatyrbynabos CR & AVCV

Gadwali Anus strepera CR & AWV White fronted goose Amer albifrom
Baldpate or widgeon Mareaa ameriaana RR & AWV albifrons AWV
European widgeon Mareca penelope RW-9" Tule goose Anser albifrons
Pintail or sprig Anus acuta CR & AVCV ga~/bel~ RWV
Green winged teal Anas oarolinensis

RR & CWV

Cinnamon teal Anas ayanoptera CR & RWV Lesser snow goose Cben byperborea AVCV
Shoveler Spatula dypeata RR & AWV Ross’ goose Chen rossl CWV
Wood duck Aix spoma CK & WV

B. Diving Ducks Group III Swans

These species feed in water depths up to ten feet or moreWhisding swan Cygnus columbiamts CWV
and frequendy a large proportion of their diet consists
of animal organisms as well as vegetation. Group IV Coots

Redhead Aytbya amerioana CR & CVCV Coot or mudhen Fulloa americana CR &Ring-necked duck Aythya collaris RWV

Canvasback Aythya valislneria CWV
Lesser stoup or bluebill Aytbya aflfinls AV~V Group V Upland Game Birds
Greater Scaup A ythy a marila CVVV California or valley Lopbortyx aalif orni~us
American golden-eye Buaepbala clangula quail calffornicus CR

americana CWV Lopbortyx calff orniausBurrow’s golden-eye Bucepbala islandiaa RW’V brunnesaens CR
Btlfl]e-head Bucepbala albsola CVCV
Ruddy duck Oxyura ]amaicensis CR & AWV Mountain quail Oreortyz plata palmeri RR
Old squaw Clangula byemali~ RWV Ring-necked pheasant Pbasiam2s aolcbi~rts CR
Western harlequin Histrionlcu~

duck histrionicus padfious R~W Mourning dove Zenaidura macroura

American scoter Cidemia amerioana RWV
marginella AR &

Whlte-winged scoter Melanitta deglandi CR & AWV Pacific band-tailed Columba ~asciata
Surf scorer Melanitta perspioillata RR & AWV pigeon monilis CR &
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~PENDN G-l-Contlnued

A LIST OF THE MORE CO~ON WATERFOWL, UPLAND G~E AND ~HORE BIRDS OF
THE SAN FRANCISCO BAY AREA

Co--on Name Scientific N~e Code Co~on Name Scien~c N~e Code
Group ~ Shore and Wa~ng B~ds Group ~I Misc~eous M~sh ~d Water B~ds
C~o~a clapp~ ra~    ~llus longiro~s CR W~te pe~can Pdica~ CR &

obsoletus ~t~rorb~n~os
V~g~a ra~ Rall~ limi~ola CR Brown pelican Pelicanus ocddemal~s
~ra ra~ Pomana carolina CR aaIi~ornic~
BIack r~ Laterallis ~naicemis ~ & ~ DouMe crated Phalaaroaor~ ~ritus

~oterniaul~ colorant
Black ga~nule ~alIinula abIoropus RR W~te ta~ed ~te Elanus leueums RR
W~son’s snipe CapelIa gallinago ~WSpV mai~culus

(jacksnlpe) deli~ata Marsh hawk Ciraus eyane~ ~ & C~
Avocet Reeurviroma ~ & WV budsoni~

ameriaana Co--on loon ~avia ~er CWV
Black necked s~t Himantop~ SpFM Pac~e loon Gavia areti~a padfiea C~

mexioan~ Red t~oated loon Gala ~ellata
Le~t sandpiper Erolia minutilla A~ Eared grebe Podloeps
W~tem s~dpiper Ereunetes mauH AWV oalifor~ous
Red-backed sandpiper Erolia alpina padffoa A~ Western grebe Aeohmophor~ CWV
Pectoral s~dpiper Erolia melanotos RSpFM ocoidenmlis
B~ck-bellied plover Squatarola squatarola" ~ Pied-b~ed grebe Podilymb~ podiceps CR
SemipMmated plover Charadrius AWV podioeps

semipalmatus Fork-t~ed pe~el , Ooeanodr~a ~uro~a RV
Long-b~ed c~lew Numenius amerioanusC~ Ashy pc=el Oceanodroma ~pSV
Hudso~aa c~lew Numenius phaeopus CSpFM homoohroa

hudsoni~ Western gull Lams oacidenmlls
Greater yellow legs Totanus mela~leuousCSpFM Herring ~ L~ts argentatus
Le~er yeaow le~ Totan~ flavipes RSpFM CaliforMa ~a L~us oal~orniom
M~bled god~t Limosa fedoa CSpFM & ~g-b~ed ~ Larus delawaremis

RWV Bonaparte’s gu~ Lares philadelphia C~
W~et Ca~aptrophor~ Glaucous-winged g~ Lares glauoesoem

s~pd~ms ~V For~er tern Sterna for~i RSV &
Dowitcher Lh~odro~ ~ise~ C~
No=hem phM~ope Lobipes lob~ CSpFM Caspim tern Hydro#rogne caspia
Great blue heron Arden herodias CR imperator
Li~e green heron Butorides ~resoem SV

~thonyl
~eric~ bi=em Bot~tms l~n~ginoms CR
~eric~ egret Co~erodlus alb~ CR

e~e~a
Sno~ egret L~copboyx tbMa CV
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GAME BIRDS IN THE SAN FRANCISCO AND LOS ANGELES
MARKETS IN THE 1895-96 SEASON

Number from Percentage of Birds
Species Number Value Bay Counties from Bay Counties
Canvasback 6,2J9 $2,626.00 2,379
Mallard .................................................47,565 11,891.50 6,399
Sprig ....................................................35,022 5,305.50 4,206
Teal .......................................................82,525 8,662.45 7,436
Widgeon ..............................................52,522 6,659.58 4,416
Small ducks .......................................................25,882 2,227.20 2,874
Gray ducks ..........................................671 98.00 373
Blackjack ....................................................2,001 116.75 1,277
Redhead ................................................519 79.58 49
Butterballs ........................................328 26.75 77
Wood ducks .....................................440 36.67
Wiretails ...................................... 89 6.83
Sheldrake 217 18.00 12

Sub-Totals ......................................254,040 37,754.81 29,552 12.9

Gray geese ............................................19,419 4,042.30 1,559
White geese ......................................................10,251 856.50 926
Honker ...............................................2,411 703.50 727
Brant ..................................................16,319 2,040.00 956
Swans ............................................518 174.25

Sub-Totals .....................................48,918 7,816.55 4,233 8.7,Quail ’ 177,366 15,116.08 15,326
Doves .....................................................5,160 252.73 158
Wild Pigeons .....................................................512 42.67 76

Sub-Totals .......................................183,038 15,4tl.48 15,560

Rail .................................................................... 27 3.33 2
Larks ...................................................................2,354 98.00 386
Common Snipe ................................................3,145 212.55 141
English Snipe .......................................6,446 753.88 1,442
Cttrlew 1,173 45.33 19
l~lover .........................................................1,620 63.58 96

Sub-Totals ............................................14,765 t,176.67 2,086 14.1

Crane .........................................................385 i92.50 76
Bittern ..................................... 25 10.00 3

Sub-Totals 410 202.50 79 19.3

Totals 501,171 $62,362.01 51,510 10.3
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APPENDIX G-3

ANNUAl. WATERFOWL INVENTORIES 1953.1961 ~-

YEAR DUCKS GEESE BRANT AND SWANS COOTS COMBINED TOTALSState Bay Percent- State Bay Percent2 State Bay Percent- State Bay Percent- Bay Percent-Total Area age = Total Area age Total Area age Total Area age State Area age1953 ...............................4,206,404 501,589 11.9 845.282 12,693 1.6 57,783 7,157 12.4 615,239 68,655 11.2 5,724,708 590,094 10.31954 ...........................4,189,029 456,758 10.9 696.462 20,581 3.0 42,523 5,575 13.1 925,621 110,850 12.0 5,853,635 593,764 10.11955 ........................4,035,426 893,751 22.2 743.104 21,623 2.9 59,467 8,975 15.1 534,432 57,209 10.7 5,372,429 981,558 18.31956 ................. 5,027,722 427,142 8.5 813.428 19,600 2.4 67,189 12,025 17.9 665,807 51,910 7.8 6,574,146 510,677 7,81957                    3,793,7311,582,022 41.7 583.819 245,907 42.1 59,111 16,941 28.7 741,323 256,347 34.6 5,177,984 2,101,217 40.61958 5,366,932 372,742 6.9 646 867 49,583 7.7 54,882 9,508 17.3 612,701 83,610 13.6 6,681,382 515,443 7.71959 ...............: ........4,784,399 811,946 17.0 699 907 80,478 11.5 31,340 10,415 33.2 810,963 233,935 28.8 6,326,609 1,136,774 18.01960 .................3,718,285 422,676 11.4 701 227 128,954 18.4 33,198 18,253 55.0 619,957 138,820 22.4 5,072,667 708,703 14.01961 " 3,526,614 396,565 11.2 819159 5.6,627 6.9 39,085 24,960 63.9 1,006,983 164,936 16.4 5,391,841 643,088 11.9
9 Year Means ..........4,294,282 651,688 15.2 727,695 70,672 9.7 49,398 12,645 25.6 725,892 129,586 17.8 5,797,267 864,591 14.9
x These L~avento~ies are conducted during a one-week period early in ]’anuazy o£ each year.
~ The percentages given represent the proportion o~ the State total counted in the Bay area.
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AI:PENDIX G-4

TREND IN STATE AND BAYAREA WATERFOWL HUNTING SUCCESS
Seaso~n Duck Kill’ Goose Kill ’ Average Hunter Success

S.F. Percentage S.~v. Percentage (Birds per hunter per season)
Bay of State Bay of State S~. Bay

State Area Total State Region Total State ~ Region

1948-49. 3,024,200 799,400 26.4 356,100 33,800 9.5 12.7 18 A

1949-50.~ 2,550,600 687,000 26.9 275,240 25,485 9.3 11.3 14.8

1950-51,~ 1,945,300 575,300 29.6 230,900 14,000 6.1 9.1 14.6

1951-52._~ 2,966,000 734,400 24.8 460,000 20,000 4.3 12.6 16.1

’1952-53.~ 4,659,000 1,003,200 21.5 465,850 36,250 ! 7.8 15.1 19.7
1953-54 4,590,000 1,232,400 26.8 580,500 30,650 5.3 12.9 . 21.3
1954-55.... 3,461,600 701,100 20.3 428,200 26,150 6.1 13.0 19.7

1955-56 .....3,312,700 693,900 21.0 339,650 15,700 1.6 15.4 18.3

1956-57.~__ 3,526,500 737,700 20.9 343,250 29.450 8.6 14.5 20.0

1957-58 ~.~ 4,025,000 827,000 20.5 366,900 I4,I00 3.8

1958-59. 4,610,300 721,284 15.6 379,200 14,162 3.7
1959-60 .... 1,912,300 293,844 15.3 257,400 6,55I 2.5

9 Year (1948-57)
Averages___ 3,337,000 796,000 23..9 386,600 25,700 6.7

V’alues 8 __~$27,233,000 $6,496,000 $6,310,000 $420,000

~ Figures in this eolunm are the weighted means of 14 geographical areas in the Sta~e exelusive o£ the Bay Area.
~ Data subsequent to 1956-57 obtained a£~er computatiou o£ averages and values. Change ia iuvento~7 technique :pzeelucle¢l determi~atlon o£ huuter sue-

eess subsequent to 1956-57.
~ Values base~l on t~ue-year average State ant! Bay Area kill ~Iguxes and the hunter expanditures obtai~e~, by the I.I.S. Fisl~ a~d Wildlife Service ~ a

national surcey .(see text).
~ Data £rom hunter l~estal surveys.
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APPENDIX G-5

FOURTEEN YEAR SPRING AND FALL CENSUS OF SHORE BIRDS OVER THE SAME ROUTE BETWEEN ALVISO AND
THE DUMBARTON RAILROAD BRIDGE OVER THE SOUTH ARM OF SAN FRANCISCO BAY 1

Red-
Black- Semi- Greater Lesser Long- Lean Western Backed Pectoral Sea-
Bellied palmated Yellow-Yellow-Western Marbled Billed Hudsonian Sand- Sand- Sand- Sand- l~orthem sonal
Plover Plover Legs Legs Willet Godwit Curlew Curlew Piper Piper Piper Piper Dowitchers PhalaropeTotals

19.28 Spring .........8,700 604 1,100 1,20,0 400 290 900 22,000 17;000 14,000 6 5,200 8,700 80t100
1928 Fall .............16,000 1,300 1,500 4"~ 3,20.0 700 350 2,900 60,000 70,000 23,000 72 14,000 17,000 210,068
1929 Spring ...... 9,100 500 1,00.0 1 1,250 300 260 1,000 20,000 17,000 14,000 4i000 9,000 77,411
1929 Fall ...........15,000 1,20,0 1,200 92 2,700 950 475 3,400 55,000 65,000 25,000 8~ 11,000 16,000 197,100

1930 Spring ....10,000 700 650 2 1,320 340 3 t0 1,100 16,000 19,000 14,000 3,000 5,000 71,422
1930 Fall .........16,000 1,10.0 1,300 27 2,600 760 840 2,700 60,000 58,000 24,000 1~ 9,000 14,000 190,344
1931 Spring ......10,200 400 700 1,300 410 570 600 24,000 22,000 16,000 2,0,00 6,000 84,180
1931 Fal ...........17,000 1,00.0 1,600 5~ 2,400 1,100 800 2,100 53,000 50,000 30,000 5~ 11,000 13,000 183,104
1932 Spring ......10,400 600 1,200 3 1,400 507 605 700 23,000 15,000 13,0’00 2 2,000 700 69,117
1932 Fal!~ .............15,000 1,200 1,700 66 3,300 1,100 1,100 1,600 54,000 55,000 17,000 64 12,000 4,000 167,130
1933 Sprh~g ......9,300 800 1,200 1,700 560 410 875 2~,000 16,000 12,000 2,60.0 900 71,345
1933 Fall ........17,000 1,200 1,700 5"~ 3,200 1,200 1,100 2,200 51,000 71,000 22,000 7~ 6,000 3,500 181,227
1934 Spring .____ 11,000 80.0 1,400 1,80.0 1,200 317 1,200 20,000 19,000 17,000 4 1,900 1,200 76,821
1934 Fall ............21,000 1,400 1,900 4~ 3,700 790 780 4,500 50,000 63,000 35,000 71 9,000 6,000 197,190
1935 Spring .......12,000 900 900 4 1,200 500 507 1,600 7,000 24,000 6,000 2,200 5,000 91,811
1935 Fall .............21,000 1,500 2,000 67 3,400 690 800 1,900 41,000 70,000 21,000 8~ 12,000 11,000 186,438
1936 Spring .......13,000 600 1,100 1,600 360 400 1,100 19,00.0 20,00’0 9,000 4 3,100 7,00,0 76,264
1936 Fall .........20,000 1,600 2,000 5~ 3,800 700 850 2,100 57,000° 70,000 19,000 73 13,000 I0,000 200,180
1937 Spring ....12,000 700 1,300 2 1,900 900 560 950 22,000 14,000 10,000 2 4,300 4,000 72,614
1937 Fall ............19,000 1,100 2,200 46 4,900 1,200 475 1,900 60,000 . 55,000 17,000 4 9,000 7,500 179,325
1938 Spring ......15,000 370 1,200 1 2,~00 1,200 600 900 25,000 16,000 10,000 5,500 3,500 81,471
1938 Fall ..........20,000 900 2,200 34 4,60’0 1,60.0 750 2,000 60,000 55,000 20,000 1~ 11,000 6,500 184,60’0
1939 Spring .........12,00.0 400 700 5 1,700 1,000 500 1,000 22,000 17,000 9,000 7 5,000 2,700 73,012
1939 Fall ........18,000 90.0 1,500 60 4,500 2,00.0 775 1,900 58,000 58,00.0 16,000 29 9,000 4,000 174,664
1940 Spring ........10,000 600 700 1,800 750 400 900 24,00.0 19,000 9,0.00 5 6,000 2,000
1940 FaLl .............16,000 1,100 1,600 9~ 3,500 1,7oo 700 2,200 65,000 65,000 16,000 36 9,500 3,500 185,926
1941 Spring ........ 8,000 600 550 26 1,400 700 300 850 27,000 20,0.00 10,000 16 4,000 1,200 74,6421941 Fall ...............14,00.0 1,200 1,100 105 2,700 1,700 550 2,0’00 70,000 70,0.00 18,000 41 11,000 2,400 194,796

Spring Average._. 10,764 612 979 3 1,555 652 431 977 22,571 18,214 12,357 3 3,629 4,064 76,812
Fall Average ......17,500 1,193 1,679 60 3,474 1,156 739 2,386 56,714 62,500 21,643 51 10,464 8,457 188,006
~ 12ensus based on one day o~servafion each spring and ~a]l at comparable dates. Lln1~u~lished data su1~plled by Mx. ]D. D,~Ic~,ean, £ormer]y oJ~ the Game Management B~:anch o£ the :Depaxtment o~F~sh and Game.



APPENDIX H
I

MAMMALIAN RESOURCES

APPENDIX H-I I

LIST OF SELF:CTF:D MAMMALS OF THE SAN FRANCISCOBAY ARI::A
Common Name Scientific Name Common Nmne Sclenthqc Name 1

A. Aquatle Mammals C. Big Game-Contluued
Southern sea otter Enbydra latris nerds California Coast grizzly
Pribilof fur seal Callorblnus ursinus cynoaepbalu~ bear x Ursus califomicus m
Guadalupe fur seal x Aratocepbalus to~vnsendi Mendocino grizzly bear x Ursus mendoainensis
Harbor seal Pboca ~itullna ricbardii Black or cinnamon bearEuamtus amerlaanus
Steller’s sea lion Eumetopias ]ubata Mountain lion or puma Felis aoncolor californian
CaliforpJa sea lion Zalopbus cali[orniamts American or pronghorn I
California river otter Lutra canadensis brevipilosus antelope a Antiloaapra araeriaana |California mink Mustela vison aestuarina D. Small GameMuskrat Ondatra zibethiaa ssp. Blacktailed jaekxabbit Lepus californiaGolden beaver Castor canadensis subauratu~

Cottontail Sylvilagus auduboni ¯
B. Inland Fur Bearers Brush rabbit 8ylvilagus buabmani |Striped skunk Mepbitis rnepbitis Western gray squirrel Sdurus griseus

Spotted skunk (.civet) Spilogale graciIis Fox squirrel Sdurus niger ssp.
Racoon Proayon lotor Eastern gray squirrel 8durus aarolinensis Ill
Ringtail cat Bassarisaus astutus 1Opossum Diddphis virginiana E. Cetaceans

Coyote Canis latrans Pac~c harbor porpoise Pbocaena ~omerina
Badger Taxidea taxus Striped porpoise Lagenorbynabus obliquidem
Weasel Mustela xantloogenys Baird dolphha Ddpbinus balrdii
Bobcat Lynx rufus Killer whale Grampus reatipi~na

Califoruia gray whale Escbricbtius gIaucus
C. Big Game Common fmbaek whaleBalaenoptera pbysalus

Roosevelt elk x Cervus candensis roosevelti Blue whale Balaenoptera musculus
Tule elk ~ Cervus aanadensis nannodes Humpback whale Megaptera nodosa
Black-tailed deer Odoaoileus hemionus columbianus Spema whale Pbyseter catodon |

These anima!s now totally absent from San Fzandseo Bay Area Fauna,

!
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APPEN01X N-2

DATA ON PRICES AND NUMBERS OF SEA OTTER PELTS
Year Price per pelt Remarks                     Year Price per pelt Remarks
1727-1742 20- 50 rubles Locally 1889 $16~ London

80.100 rubles Chinese Frontier 1891 $28~
177~-1777 90-100 rubles 29,932 pelts sold by English 1903 $440-$1,000 Best skins $1,125

to Russia 1910 $1,700 Single pelt
1786-1787 $40-$90 I920 $2,000-$2,500
1790 $80-$120 Chinese market 19~7 $100 About 100 pelts sold by Fed-
1799 $2~ Chinese market eral (~ovemment
~808 $30-$40
1847 $60 42 sold in San Francisco

markets
1869 $40-$60 San Francisco market Year No. Ships No. Sea Otters Sale Price Canton Market
1873 $75 about 3,000 sold
t880 $110 1799 7 11,000 $25 per pelt

1887 $1~0-350 1800 6 9,800 $22 per pelt
1888 $82 2,671 pelts sold for $218,62~ 1801 10 13,000 $21 per pelt

$105 London
$87 1,901 pelts sold for $164,77~ 1802 8 14,000 $20perpelt

I
APPENDIX

m Appendix H-3 on the following is tabulation of from 1938 through 19;6. Prior1938page a county to county
state-wide catch of furbearers from 1921-22 throughof catch was not reported. Therefore, the figures given
1955-56. The state-wide records are actual reports offor the Bay Area for 192t through 1937 are computed

I animals taken by licensed trappers, figures for each species based on the proportion of
Data for the Bay Area are actual records of catch byeach taken in Bay Area in the 1938-56 period.

.I
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APPENDIX H.~--Con||nued

ANNUAL CATCH OF FURBEARING MAMMALS IN THE SAN FRANCISCO BAY AREA (1921-1956)

Percent~4~e
R~ver

SF Ba~S~on ~k O~r ~ B~ver ~c~on ~e~l S~ ~vet ~n~ ~ox Coyo~ Bob~t Opo~um Badg~ To~      ~ea

I94~6..Bay A~ 922 26 2 - - 937 3 820 gl 266 62 118 73 13 3,333 5.8S~ 3,151 79 33,~7 -. 6,7~ 167 4,518 6~ 1,2~ 2,798 2,310 1,730 498 57 57,~51
lg4~7__Bay ~ 4~ 1S ~ .. ~5 7 3~ 60 3 126 4 53 16 16 1,~1S~te 2,996 122 32,771 -. 5,0~ ~6 2,650 635 710 1,585 2,341 1,072 361 74 ~,595
1947~8__Bay ~ 402 39 23 1~ ~4 2 174 ~ 1 75 1 17 10 3 1,416      2.5Stat~ 2,2~ 116 41,746 ~3 2,~9 162 7~ ~1 399 773 ~,~ 689 274 32 62,018
1~9__~y ~ ~98 39 20 .. 340 ~ 05 27 10 38 .. 30 9 3 7~ 1.S~ 1,37~ 85 43,0~ .. 2,~9 71 762 1~ ~1 665 ~7 ~10 4~ 10 ~,~5
1949-50._Bay ~ 235 28 97 72 179 1 77 _. 5 17 B 3 ~ 723      ~.6Sm~ 1,~9 78 38,~8~ 1,511 1,652 174 812 -- 1~ 629 42~ 37~ ~08 ~ 46,490
~9~-51_.~y ~ 252 ? 63~ 78 261 ~3 ~_ 6 26 _. 3 1~ 1,335State 1,4~ 49 ~0,661 690 2,160 1~ 970 _. 212 681 3~ ~3 ~08 ~ 58,198
1951-52__Bay ~ ~6 ~ 6,111 50 1~ 2 14 .. 2 2 29 -. 6,764 8.6S~ 1,668 75 71,553 1,~ 1,595 61 794 __ 1~ 4O8 307 2~ 350 8 78,~
1952-53..Bay ~ 223 17 9,5~ ~ 1 ~9 3 25 - - 12 - - 16 . - 10,046 11.1State 1,193 42 83,053 692 1,665 21 1,4~ _. 1~ 572 353 3~ 770 25 90,370
19~54._~y Ar~ .2~ 26 7,966 46 277 3 1~ .. 1 12 -- 22 -- 8,~       8.5State 1,690 75 95,311 947 1,688 46 617 -- 157 561 217 1~ 145 56 101,~
195~5._ Bay Ar~ 282 26 5,723 16 284 35 -- 16 . - 3 64 - - 6,~9 6.S~a~ 2,~ 107 100,~ 1,006 1,~8 ~ ~7 _. 2~ 303 ~6 2~ 2~ 31 107,813
195~56__Bay ~ 192 31 6,878 3 ~ 63 .. 40 ~ 7 12 7,355

TOTALS
lg3~56_.Bay ~ 7,87~ 337 37,515 430 10,525 52 9,939 1,062 48 2,721 765 1,493 ON 119     73,360 5.6(18 yea~) S~te 33,715 1,214 1,~3,466- 8,796 70,~5 t,9~ ~,79~ 7,56~ 9,740 36,451 32,919 23,321 10,3~6 1,357 1,327,~8
Percen~e~ ....... 21.9 27.8 3.7 4.9 14.9 2.6 11.6 14.0 0.5 7,5 2.3 6.4 9.5 8.7
A~NuA~ BayA~ 410 19 2,0~ 24 585 3 552 59 3 151 ~ ~ ~ 4,~6A~em Sta~ ~,873 67 55,748 489 3,935 110 4,766 ~0 541 2,025 1,~9 1,~6 575 7~ 73,750
¯Bay ~ea ~u~ be~u~ ~ w~ ava~aMe £~ o~y n~ ~ ~stem ~d~.
m Mean a~uM ~ez~ntage o£ ea~ ~es a~hutab~e to ~e Bay ~ea £oz ~e 18ffe~ ~ 19BS-N6.
~ Mean ~nu~ n~b~ o~ ea~ ~ ~a~ved £~ ~e S~te as a who~ ~d ~ ~e Bay ~a c~es £~ ~e ~od 19BS-N6.
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APPENDIX H4

VALUE OF THE ANNUAL FUR CATCH
Season Total State-wide Value ~ Estimated Bay Area Value ~Season Total State-wide Value ~ Estimated Bay Area Value
1921-22 . $35,,011 ~$3,816 1942..43__$I56,218’ .~ $4,843
1924-25, .....181,11f 18,112 1943~._.__~ 222,002 7,326
1925,-26. 257,745 25,001 1944-45 165,591 6,292
1926-27 - 304,285, 29,516 1945,’46           .171,800 9,964
1927-28. 468,960 ~ 44,082 ’ " 1946~47 102,000 3,672
1930-31 ...... 49,128 5,,15,8 1947248----~149,700 3,743
1931-32. 32,710 ’ 3,500 1948-49 _ 84,927 1,274
1932-33 =~ 10,572 ~ 1949-50___ 67,332 1,077
1933-34 28,551 2,370 " 1950-51 116,341 2,676
1934-35 - - 27,034 2,163 1951-52 113,901 9,795
1935-36. 40,923 3~397 195,2-5,3 104,500 11,600
1936-37. 78,776 6,696 195’3-54 92,750 7,884
1937-38 44,433 3,244 1954-5,5 ..... 144,600 8,676
1938-39__~-- 5,4,779 3,670 1955,-56 I00,I68 8,815

1939-40__~_ 99,818 5,091 TOTALS .....$3,812,102 $259,3861940-41. 153,100 9,033
1941-42...... 153,332 6,900 AVERAGES~$122,971 $8,646
x Values obtained ~’omDepartment of Pish mad Game I~censed P~ Trapper ~eports.
~ Unwdghted values based on ~ercentage of stata-~4de catch taken ~n the San Francisco Bay A~ea.
= l~.epozts £o~ 1932-33 season a~e �o~ the nozthem and eastera cotmties o~y.

APPENDIX H-5

COMPARISON OF BAY AREA AND STATE-WIDE DEER KILL (1927-1960)
Contra San Santa Bay A_tea State-wide

Year Alameda Costa Matin Napa Mateo Clara Solano Sonoma Totals Totals Percentage
1927 ................ 220 5 367 442 77 397 45 75! 2,304 t9,507 1!.8
1928. 263 6 444 569 89 5,36 52 753 2,712 21,515 12.6
1929_._i ...............275 14 394 523 102 577 5,4 732 2,671 21,222 12.6
I930........................252 6 403 536 100 650 58 865, 2,870 24,132 11.9
1931 ......................248 ii 449 488 103 697 45 903 2,9’t4 25,805¯ 11.4
1932.......................!64 8 376 304 8~ 4t5 31 709 2,092 18,380 11.4
1933 ......................148 9 301 285, 10~ 393 19 748 2,208 17,686 12.5
1934.........................204 19 34! 288 133 421 20 554 1,980 20,805 9.5
1935 ......................268 27 328 278 99 463 23 445 1,931 21,955 8.8
1936............. 266 32 411 41~ 106 595 32 536 2,393 25",008 9.6
1937 ........................ 398 30 482 544 153 754 39 744 3,!44 32,241 9.8
!938................. 491 40 534 795 135 744 63 948 3,750 35,045, 10.7
1939 .................623 61 649 927 148 1,017 87 1,094 4,606 43,250 10.6
1940................. 658 66 5,81 907 149 993 95 1,242 4,691 46,317 10.1
194! ....................502 74 615 962 180 807 100 1,005 4,245 43,493 9.8
I942....................233 5,1 403 557 72 456 76 489 2,337 25,902 9.0
1943 ~- ........: ................ ........... 21 49 ....... 70 25,216 0.03
1944........................ 368 88 5,79 932 101 463 I59 685 3,375 36,940 9.1
1945 .......................295 67 438 809 87 404 120 787 3,007 38,129 7.9
I946................. 370 115 520 887 66 437 91 1,102 3,588 47,419 7.6
1947 .........................354 128 488 899 114 528 83 1,151 3,745 ’ 47,178 7.9
1948......................441 141 634 1,027 119 559 95, 1,505 4,5,21 67,789 9.5
1949 .......................356 117 597 1,020 151 764 88 1,269 4,362 5,2,082 8.4
1950..........................386 130 554 952 144 763 102 1,138 4,166 47,128 8.8
1951 ......................580 178 767 983 135 939 78 1,447 5,,107 64,619 7.9
1952.........................627 200 832 1,220 167 1,051 126 1,553 5,776 50,667 11.4
I953 .....................763 232 885 1,161 139 1,172 113 1,679 6,!44 58,992 10.4
1954....................911 311 1,048 1,386 140 1,695 139 1,979 7,609 75,,602 10.1
1955 ............................639 175 901 1,329 157 1,434 143 1,586 6,364 71,126 8.9
1956..................538 187 707 1,144 134 1,239 147 1,303 5,399 79,371 6.8
1957 ..................451 176 548 1,045 180 1,027 130 1,267 4,824 65,214 7.4
I958.....................655 211 613 994 198 1,177 155 1,172 5,175 58,669 8.8
1959 .....................489 143 407 997 223 993 139 1,016 4,407 73,483 6.0
1960 849 266 659 1,306 286 1,481 163 1,483 6,493 75,584 8.6

33 Year Means ......433 101 553 815 !32 789 88 1,505 3,967 43,402 9.1
1 ~VIflita~T Closalxes Prohibited Hunting Over Much of the Bay Axea in 1943 (also excluded in comp’ufix~g meankill).
~Bay Area !rill as percentage ot: total State kill.
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APPENDIX i

I ’ ’ ECONOMICS

I APPENDIX I-1

" ~OMBINED CALIFORNIA ANGLINGLICENSE SALES, 1914-1959
Number                                              NumberI Year Licenses Revenue Year Licenses Revenue

1914 .................................81,965 $84,417. 1937. 326,745 $663,144.

1915.                            87,262 89,620. 1938_ 348,227 705,611.

1916. 111,994 115,518. 1939. 336,452 746,061.

I 1917 ..................................No Record 125,572. 1940 390,342 791,472.

1918 .............................. No Record 123,080. 1941. 460,715 933,586.

1919--. No Record 146,724. 1942 .... 433,431 876,003.

1920 .......................................No Record 163,183. 1943 ..... 447,352 899,782.

I 1921 176,873 183,319. 1944_ 436,940 883,841.

1922 .............................. 183,116 189,738. 1945. 557,536 1,120,661.50

1923. 225,171 232,995. 1946 768,816 1,553,706.50

1924___ 202,690 210,988. 1947.. 884,747 1,793,313.50

1925 ............................ 222,983 232,501. 1948 = 960,146 2,932,024.

I 1926_. 246,167 256,629. 1949_ 992,519 3,024,816.50

1927 .................................262,886 273,202. 1950. 983,019 2,993,698.

1928 z 217,788 445,764. 1951 1,015,469 3,083,976.
~ 1929. 225,774 471,826. 1952_ 1,098,597 3,298,308.

I 1930 ...............................248,319 508,875. 1953_ 1,187,328 3,563,452.

1931. 242,857 497,317. 1954. 1,240,060 3,716,006.

1932- 212,662 436,373. 1955. 1,303,096 3,859,712.

1933_ 175,936 358,568. 1956.. 1,380,864 4,072,383.

I 1934--- 211,190 430,128.50 1957 s 1,433,859 4,207,018.
193L 224,661 457,373.5"0 1958 ~ 1,383,489 4,022,912.

1936.. 300,611 608,515.50 1959 ~ 1,465,066 4,206,900.

z Angling licenses inczeaseO. £rom one to t~vo dollars.

I ~ Angling licenses increased £rom two to tt~ee dollars.
~ Angling licenses increased ~rom tlu:ee to £our dollars foz inland Gshlng and five dollars to tk4a foz trout. Ocean ~sMng only zequized three-dollar license.
~Licanse sales and zeve~ue £or 1958 and 1959 ~complete.

APPENDIX I-2

I HUNTING LICENSESALES, 1907-1960COMBINED CALIFORNIA
Number Number

Year                            Licenses Revenue Year Licenses Revenue

I 1907-08__ 113,975 $118,427. 1926-27. 253,532 $279,701.

1908-09 .... 111,9tl 114,950. 1927-28 t 257,738 285,362.

1909-t0 .... 124,421 128,450. 1928 = .... 228,696 464,145.
1910-11_ 138,669 143,265. 1929 241,709 488,638.
1911-!2._ 141,777 146,I81. 1930 231,970 464,157.

I 1912-13 ..... 159,762 165,984. 1931 214,577 424,188.
1913-14_. 159,164 164,111. 1932 ... 154,031 453,159.15
1914-15 161,402 166,307. 1933-34__~ 171,139 334,746.50

1915-16 ............................ 155,522 159,991. 1934-35 ..................................174,667 338,538.50

I 1916-17 166,372 170,806. 1935-36. 190,257 367,880.
1917-18 No Record 177,06L 1936-37 225,448 434,255.
1918-19. No Record 178,937. 1937-38. 248,36~ 498,582.50
1919-20. No Record 221,433. 1938-39_. 252,117 487,763.50

1920-21_ 225,454 240,353. 1939-40 ...... 270,095 528,952.

I 1921-22_. 222,791 236,891. 1940-41 291,507 565,395.
1922-23 226,381 239,I49. 1941-42 331,878 643,700.

1923-24.. 246,299 260,846. 1942-43 268,128 522,985.
1924-25_ 226,421 245,~91. 1943-44 ~ 284,370 557,254.

I 1925-26. 231,305 252,017. 1944-45 318,910 626,635.

~ Purchase of tags fl~c re~lu~ed £or de~ htmdug.
~Fee increased ~om $I.00 to $2.00.
~ p~ohase of tags £o~ l~heasant hunting xequised 1943 and 1944.

I [~9]
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APPENDIX I-2-Contlnued
I

COMBINED CALIFORNIA HUNTINGLICENSE SALES, 1907-1960
Number Number

1Year Licenses Revenue Year Licenses Revenue
1945-46 393,282 $780.106.50 i953-54. ............... 613,928 $1,764,986. ~
1946-47. 487,307 965,916. 1954-55                        620,587 1,810,630.
1947-48 507,552 1,017,681. 1955-56. 634,131 1,849,325. []
1948-49 ~ 504,173 1,482,809. 1956-57 ~ 668,165 1,943,855.
1949-50. 496,735 1,446,087. 1957-58 647,252 :,
1950-51 491,424 1,430,800. 195849 ~ 608,000
1951-52. 534,684 1,553,095. 1959-60 e 613,280 []
1952-53. 588,764 1,704,432. |¯ Fe~ inc~¢a~e~l ~om $2.00 to $3.00 an~ ~u~chas~ o£ tags £~ pheasant hantlng ~e~ui~e&� Legldativ¢ act incxeas~ hunting llcens¢ £~om $3o00 to $4.00 effectlw 19~7-58 season.
~ Not final ~gu~es.

APPENDIX I-~ I
NUMBER OF TRAPPING LICENSES SOLD INCALIFORNIA, 1917-1960

Number Number ISeason Licenses Revenue Season Licenses Revenue
1917-18_~ 2,300 $2,321. 1939-40__ . 2,038 $2,0~4.
1918-19- 2,590 2,614. 1940-41 1,929 1,956. []
1919-20 4,940 4,971. 1941-42 2,149 2,168. |1920-21~ 3,359 3,392. 1942-43 1,163 1,179.
1921-22 3,036 3,094. 1943-44 1,539 1,555.
1922-23 3,072 3,136. 1944-45~~ 1,612 1,631. ~
1923-24 2,563 2,597. 1945"46 1,774 1,796.
1924-2~. 2,927 2,984. 1946"47 . 1,978 1,992.
1925-26 3,430 3,598. !947"48 !,582 1,~94.
1926-27. 3,790 3,872. 1948"49. 1,264 1,272. ~,
1927-28. ~,243 5~347. 1949-50 1,169 1,176. l
1928-29. 6,481 6,581. 1950-5!. 1,0~3 1,056.
1929-30 4,378 4,438. 1951-52. 1,036 1,042.
1930-31. 2,714 2,860. 1952-53. 897 901.
1931-32 2,814 2,8~8. 1953-54 950 957. 1
1932-33. 1,644 1,660. 19~4-55. 880 882. |1933-34 1,404 1,413. 1955-56 912 916.
1934-35 1,670 1,68!. 1956-57 . 858 860.
1935-36. 1,523 1,532. 1957-58 825 827.
1936-37. 2,079 2,093. 1958-59, 657 " 659. []
1937-38. 2,473 2,502. !959-60. 583 58L
1938-39 2,045 2,059.

I

1

I
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APPENDIX I-4

CALIFORNIA CONdVtERCIAL FISHING LICENSE SALES
Year Revenue Year Revenue
1909-10~. $ 1935.36 ...... $60,070.
1910-11 23,595. 1936-37. 69,860.
1911-12 23,$45. 1937-38. 78,210.
1912-13 23~860. 1938-39. 78,110.
1913-I¢_..~. 26,980. 1939-40. 87~170.
1914-15 39,210. 1940-41 90,920.
1915-16 ....... 38,320. 1941-42. 93,500.
1916-17 36,450. I942-43. 91,720.
1917-18 42,110. 1943-44. 118,110.
1918-19. 45,220. 1944-45. 108,490.
1919-20~_ $0,870. 1945-46. 117,970.
1920-21 $2,690. 1946-47. 124,060.
1921-22_~_ 44,620. 1947-48. 128,990.
1922-23 44,720. 1948-49. 142,520.
1923~24 ....... 41,230. 1949-50. 149,670.
1924-25 46,710. 1950-$1 146,200.
1925-26 $0,720. 1951-52 ..... 131,950.
1926-27 $0,780. 1952-53 115,700.
1927-28 .......... $2,060. 1953-54__ 113,640.
1928-29 $3,400. 1954-55. .116,460.
1929-30 60,140. 1955-56. 102,820.
1930-31 61,790. 1956-57. 98,120.
1931-32 $6,510. 1957-58 95,160.
1932-33 49,550. 1958-59__ 128,520.
1933-34 49,910. 1959-60_ 118,995.
1934-35 $3,230.

APPENDIX !-5

REPORTED FISHING EXPENDITURES FROM 1955 ECONOMIC SURVEY:t

FRESHWATER ANGLING                   SALTWATER ANGLING
Average per                      Average per

Categories on Questlormake Fisherman Percentage Total Spent Fisherman Percentage Total Spent
Transportation, Auto & Misc.-

,7~ cents per mile; bus, train, bridge tolls~__~53.19 29.0 ~55,796,631 .$37.23 26.3 $23,837~636
Meals-resta~ant meals, candy, ice cream, maeks.~$1.64 23.7 53,771,729 28.73 20.3 18,399,392
General Pro’pose Equipment-tents, sleeping bags, etc.__35,30 16.2 36,755,359 15.85 11.2 10,15!,389
Fishing Equipment-rods, reels, tackle ........23.10 10.6 24,049,803 16.28 11.5 10,423,301
Lodgings-motels, cabins, hotels ..............10.89 $.0 11,344,246 $.38 3.8 3,444,221
Rentals-boats, motors, camping and fishing gear____1024 4.7 10,663,591 $.94 4.2 3,806,770
Bait 9.15 4.2 9,$29,167 623
Gas and oil for boats and motors ..... 4.36 2.0 4,537,698 4.53 3.2 2,900,396
License 2.40 1.! 2,495,734 1.$6 1.1 997,011
Repair and Maintenance-

cos~ of repair fishing equipment ..... 1.96 0.9 2,0�1,96� 1.98 1.4 1,268,923
Extra VeMele-eose allotted on the basis of use~____1.96 0.9 2,041,964 .57 0.4 362,549
Party and charter boat fees __ 1.53 0.7 1,588,194 15.99 11.3 10,242,026
Publlcations-books and magazines. 1.30 0.6 1,361,309 .85 0.6 $43,824
Club Dues-initiation fees, donations .87 0.4 907,539 .42 03 271,912--Sub-total                                               $90,637,403

3-Day Special Licenses 1,589,630

Totals $217.89 $226,884,935 $141.$4 $92,227#33

FRESHWATER ANGLINGSALTWATER ANGLING
Average number of days fished 15 11
Average daily expenditures.. $14.27 $12.51

x A~te~ Mahoney (1960).
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,!APPENDIX 1-6

REPORTED HUNTING EXPENDITURES FROM 1955~ECONOMIC SURVEY
Average              Total                                 Average             Total       ¯

Per Hunter Percentage Spent                                PerHunter Percentage Spent
Hunting Equipment-guns, am- G~ae Storage-butcher

munition, bows, arrows, etc. $70.01 26.4 $44,309,000 service, freeze locker fees $3.~3 1.3 $2,234,100
Automobile Expenses- Publications-books and maga-

7½ cents per roJle driven 52.64 19.8 33,312,500 zlnes on hunting subiects 2.72 1.0 1,721,500 |Food and Beverages- Packing and Guide Fees’pack-
meals, drinks, candy, etc. 47.07 17.7 29,790,400 trips, horse rental and feed 2.66 1.0 1,683,500

Camping Equipment-tents, Club Dues-inltiation
sleeping bags, stoves, etc. 18.24 6.9 I1,~44,000 fees, dues, donations 1.64 0.6 1,037,900 ¯

Dog Expenses-purchase, Commercial Hunting Club ¯
food, Vet. and training fe~s 14.74 5.6 9,328,909 Fees-hunting fees 1.35 05 854,400

Clothing-hiking boots, Miscellaneons-
hunting iackets, etc. 8.97 3.4 5,677,100 not under other categories 1.10 0.4 696,200 ¯

Waterfowl Hunting Ge~x-- HuRting fees, communiW/organ-
decoys, boats, motors, etc. 8.84 3.3 5,594,800 izational hunting area fees .42 0.2 265,800

Lodging-hotels, Private land trespass fees 38 0.1 240,500
motels, cabin rentals 7.65 2.9 4,841,700 1

Private Hunting Clubs- Total $265.55 100.0 $168,063,332 |dues, shares, assessments 6.82 2.6 4,316,400
Transportation (Not auto ex-

pense)- train, bus, plane, Average number of miles drivenbridge tolls 6.16 2.3 3,898,600
Optical Equipment- per hunter per annum ..... 702 |

binoculars, spotting scopes 6.12 2.3 3,810,000 Average number of hunting days 14
Licenses-hunting, deer tags, Average daily expenditure... $18.97

pheasant tags, duck stamps 4.59 1.7 2,906,032~ Total number hunters ...................................632,895 1
t Acm~ fi~s as s~pp~ by be ~.~eeme Section o£ ~e C~on~a Dep~me~t o£ Fida and Ga~e; du~ ~amp fi~e as zepo~cd by ~e U. S.

and Wild~e S~.

APPENDIX I-7

CAPITAL OUTLAY AND MANAGEMENT COSTS RELATED TO THE FISH
AND WILDLIFE RESOURCES OF THE BAY AREA

CAPITAL OUTLAY PROJECTS

Fish Ladders Estimated
Stage of or Actual

Name Location Construction Original cost
Clear Creek .Clear Creek, Shasta County. Completed $93,000
Wards’ Dam Mill Creek, Tehama County. Completed t,000
Clough Dam Mill Creek, Teharna County. Completed 13,000
Upper Mill Creek ~.._Mill Creek, Tehama County. Completed 1,000
North Stanford Vim Diversion .........__Deer Creek, Tehama County. Completed 2,000
South Stanford Vina Diversion .......Deer Creek, Tehama County. Completed 13,000
Lower Deer Creek Falls Deer Creek, Tehama County. Completed 10,000
Upper Deer Creek Falls ..... Deer Creek, Tehama County. Completed 60,000
Wildoat Diversion _ .Battle Creek (N.F.) Shasta County Completed __.
Eagle Creek Rattle Creek (N.F.) Shasta County. Completed __
Inskip Canal .Battle Creek (S.F.) Shasta County_ Completed
Coleman Canal, Inskip Powerhouse ~Battle Creek (S.F.) Shasta County. Completed
South Powerhouse Inskip Canal___._ ,, Battle Creek (S~’.) Shasta County Completed ___
Woodbridge Dam Mokelumne River, San Joaquln County. ......Completed 100,000
Granlee Dam .......... Cosumnes River, Sacramento County. Completed 6,000
Daguerre Point Dam ........ Yuba River, Yolo County. Completed ’ 56,000
Sutter Butte Dam ............ Feather River, Butte County. Completed 55,000
Intake Dam Feather River (N;F.) Butte County ....Completed ’ 5,000
Enterprise Dam Feather River (N.F.) Butte County. Completed 5,000
Howard Slough Dam ....... Butte Creek, Butte County Completed 20,000
MeGowan Dam Butte Creek, Butte County Completed 15,000
Adam’s Dam --.Butte Creek, Butte County. Completed 15,000
Western Canal Dam .................... .Butte Creek, Butte County. Completed 20,000
Gorrill Dam ....................................Butte Creek, Butte County Completed 5,000
Lower Durham Mutual Dam ..........._Butte Creek, Butte County Completed 3,000
Durham Mutual Butte Creek, Butte County_ ..............................Completed 8,000
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I APPENDIX I-7--¢onfinued

CAPITAL OUTLAY AND MANAGEMENT COSTS RI~LATED TO THE FISH
AND WILDLIFE RESOURCES OF THE BAY AREA--Continued

I CAPITAL OUTLAY PROJECTS-Contlnued
Estimated

Fish Ladders (Cont.) Stage of or Actual
Name                                   Location                                 Construction    Original Cost

I Parrott-Phelan Dam __Butte Creek, Butte County’. Completed 10,000
Iron Canyon Barrier_ ~___Big Chico Creek, Butte County. Completed 19,7~0
Antelope Creek Dam .................Antelope Creek, Tehama County. Proposed
Keswick Dam Fish Trap ............ Sacramento River, near Bedding, Shasta County_ Completed 908,449

I Mendota Dam r~irebangh, Fresno County. Comlpeted 1,000
Salt Slough Salt Slough, Mereed County. Completed 3,000
Temple Slough Dam Temple Slough, Madera County. Completed 1,000
Dennet Dam Tuolunme River, Stanlslans County. Completed 1,000

i Croeker-Huffman Dam amerced River, Merced County. Completed 500
Merced Falls Dam Merced River, Merced Counw. Completed 1,000
Shaffer Dam ........................................Merced River, Merced County. Completed 100
Vertical Baffle Fishway x .Ryde Barrier, Sacramento, Solano County ....Proposed 70,000
Vertical Baffle Fishway ~ ........... Cross Delta Canal, Sacramento County Proposed 100,000

I Sub-total for Completed Ladders (at least 36) ............ $1,446,799
Sub-total for Proposed Ladders (3) 170,000

I Total ~or Ladders .......... $1,616,799

Fish Screens

North Stanford Vina .............................Deer Creek, Tehama County. Completed $6,700

i South Stanford Vina ................................Deer Creek, Tehama County. Completed 3,500
Ward Dam Mill Creek, Tehama County. Completed 6,050
Clough Dam Diversion ........... Mill Creek, Tehama County. Completed 2,750
Upper Mill Creek Dam .... Mill Creek, Tehama County. Completed 6,250
Gover Diversion Battle Creek, Shasta County. * Completed 20,300

- ~ Coleman Can~, Inskip, P.G.&E. Powerhouse .....Battle Creek (S~’.) Shasta County Completed

| South Battle Creek Canal, P.G.&E. Powerhouse__Battle Creek (S.F.) Shasta County. Completed
Battle Creek Battle Creek (S.F.) Shasta County. Completed 9,408
Glerm-Colusa Bar Screen ............................Sacramento River, Glenn County. Completed 25,000

I Parrott-Phelan Butte Creek, Butte County. Completed 10,000
Granlee Dam ................. Cosumnes River, Sacramento County Completed 2,500
North San Joaquln Diversion ..................Mokelunme River Completed 3,000
Merced Diversion Merced River, Merced County. Completed 2,496
North Bay Aqueduct ~ ............................................Lindsay Slough Proposed 500,000I Cross DeltaCanal ............................................Cross Delta Canal, Sacramento County Proposed 900,000
Contra Costa Canal ...................................Contra Costa .Canal, C0ntra Costa C0nnty ........Completed 25,000
Smatl"Diversion Allocations ......................Mosdy Sacramento River Completed 15,000

I Sub-total for Completed Screens (16) $137#54
Sub-total for Proposed Sereeus (2) ..........................................................................................1,400,000

Total for Screens ...........................................................................................................$1,537,954

I Installations

Name and Kind
Coleman Fish Cultural Station .............................Anderson, Shasta County .........................Completed $2,300,000

I Mill Creek Experimental Station ..............................Los Molinos, Tehama County Completed 20,000
Nimbus Hatchery ....................................._American River, Sacramento County. Completed 1,217,000
Traey Fish Salvage Facility ......................................Old River, .Contra Costa County Completed 3,220,000
Delta Fisheries Base and Equipment. ......................Antioch, Contra Costa County Completed 100,000
Feather River Fish Hatchery_ .........................Oroville, Butte County. Proposed 525,000

I Elk Grove Screen Shop ..............................Elk Grove, Sacramento County Completed 25,000
Research Boat (Striper) ...........................Antioch, Contra Costa County. ___ 7,000
Feather River, Project, Fish Salvage Facility. ..........Contra Costa County ........ Proposed 3,000,000

I Sub-total for Completed Installations (6) $6,889,000
¯ Sub-total for Proposed Installations (2) 3,525,000

Total for Installations ..........................................................................................................$10,414,000

i s Proposed fish faeilitles associated with the salinity control barrier investigation.
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APPENDIX 1-7--Contlnued

OTHER CAPITAL OUTLAY EXPENSES RELATED TO FISH AND WILDLIFE
IN THE SAN FRANCISCO BAY AREA

Name and Kind of Facility" Location Cost:
Patrol Boats, Skiffs, Motors, etc.. San Francisco Headquarters .................$500,000
Property and Equipment. Bay Counties 250,000
Grizzly Island Waterfowl Management Area~ .Grizzly Island, Solano County. 1,112,940
Montezuma Slough Bridge ............. Grizzly Island, S01ano County. 139,500
Quail Habitat Improvement ...... Bay Counties 4,698

Total $2,007,138

CAPITAL OUTLAY PROJECTS FOR ANGLING ACCESS
Stage of       Cost of

Name and Kind o~ Facility Location Development Development
Nicks Cove, coastal access. Marln Coumy Completed $5,500
Petahma River, angling access~___ Matin County Proposed 15,200
Miller Park, coastal access .......... Tomales Bay, Maria County Completed 46,737
Alameda City, Bay access_~ Alameda City, Alameda County Completed 24,832
Berkdey Fishing Pier ...... ....____Berkeley, Alameda County Completed 168~00
Grizzly Island, angling access ..... Grizzly Island, Solano County Completed 13,481
Suistm City, angling access .... Stfisun City’, Solano County Completed 18,254
Vailejo, angling access .... _.__._Va!!ejo, Solano County Completed 63,514
Anderson, angling access ........ Anderson, Shasta County Completed 18,411
Redding, angling access ........ Redding, Shasta CotmtT¢ Completed 423
Bali’s Ferry, angling access ....... Bali’s Ferry, Shasta County Completed 19,281
Bend Bridge, angling access ........Bend Bridge, Tehama County Completed 21,462
Red .Bluff, angling access ..... Red Bluff, Tehama County Completed 23,234
Tehama City, aug]Jug" access ......Tehama City, Tehama County Proposed 21,500
Tehama County Park, angling access ......Tehama County" Completed 6~825
Wo0dson Bridge, angling access .....~i’ehama County Completed 12,200
B0yds Pump, angling access .............Sacramento River, Sutter County Completed 22,500
Tisdale Weir, angling access .... Sacramento River, Sutter County Proposed 2,550
Yuba City’, angling access ..... Feather River, Sutter County" Completed 20,798
Jurgeson, angling access __Sacramento River, Glenn County Proposed 13,000
Princeton, angling access .... Sacramento River, Glenn County Proposed !,250
Clarksburg, angling access ..................Sacramento River, Yolo County Under Construction 25,000
Knights Landing, angling access ............Sacramento River, Yolo County Completed 20,360
Chieo Creek, angling access .......Sacramento River, Butte County Proposed 14,500
Star Bend, angling access.___ Yuba County Proposed 25,620
Louis Park, angling access ........ San Joaquin River, San Joaquin County .....Under Construction 24,700
San Joaquin River, angling access .........Near Frlaur, Fresno Cotmty Under Consm~cfion 79,292

Sub-total for 17 access projects completed $528,812
Sub-total for 3 access projects under construction 106,492
Sub-total for 7 access projects proposed 93~520

Total angling access projects $728,924

OPERATIONAL AND MAINTENANCE EXPENSES
Expenses Direcdy Related to Anadromous Fisheries Cost Per

Item Type of Expense Annum
Coleman Fish Cultural Station .....................................Operational and Maintenance $150,000
Mill Creek Experimental Station .............................Operational and Maintenance 10,000
Keswlck Fish Trap ............................ Malntenanee 10,000
Annual Salmon Inventories__. Management 22,000
Nknbus Hatchery .Operational and Maintenance 120,000
Elk Grove Screen Shop .Operational and Maintenance 31,000
Salmon and Steelhead Problems .......... .Management 10,000
Traey Fish Collection Facility. Operational and Maintenance I10,000
Delta Field Base and Vessel Sttiper.____~ .Operational and Maintenance ............10,000
Inspection of Fishways and Screens ........ Management 2,000
Striped Bass and Sturgeon Investigation_ ............. Research 20,000
Sacramento River Salmon and Stedhead Investigation ................Research 45,000

Total Operational and Mahatenance expenses direcdy rdated to anadromons ~sherles $540,000 peraunum
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APP£ND~X l-7--Continued

MANAGEMENT EXPENSES PARTLY DEVOTED TO THE ANADROMOUS
FISHERIES BUT COMPLETELY WITHIN THE BAY AREA

Cost Per
Item Type of Expense Annum
Wildlife Protection (Patrol) ._Enforcement (Salaries and Expenses)~$350#00
Patrol Boats Maintenance 10,000
Administration Salaries (except patrol) Expenses and

Services 139,000
Miscellaneous Fisheries Investigation_ ...........Research 10,000
Trout Stocking Management 75,000

Total Operational completely Bay $584,000 per annumand Maintenance witi~n Area
Grand total operational and maintenance per annum~ $1,124,000

I
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APPENDIX J
I

A LIST OF THE FEDERAL, STATE AND MUNICIPAL FISH AND
WILDLIFE REFUGES OF THE SAN FRANCISCO BAY AREA

Administrative
Refuge County Agency Type of Refuge

Mount Tamalpais Refuge Maria State Dept. F~sh & GameAll wildlife
Fish and Game District 3F (Mr. Diablo) ~..Contra Costa State Dept. Fish & GameAll wildlife
San Francisco Fish and Game Refuge .San Marco State Dept. Fish & GameAll wildlife
San Leandro Waterfowl Refuge _~~A1ameda State Dept. Fish & GameWaterfowl
Fish and Game District 3G (Stanford University)San Marco & Santa Clara State Dept. Fish & GameAll wildlife
]3olinas Quail Refuge Marin State Dept. Fish & GameQuall
Suisun Waterfowl Refuge .Solano State Dept. Fish & GameWaterfowl
Grizzly Island Waterfowl Management Area ~Solano State Dept. Fish & GameWaterfowl
Lake Merritt Waterfowl Refuge _~____Alameda City of Oakland Waterfowl
Golden Gate Park __ San Francisco City & County of S.F. All wildlife
Farallon Islands San Francisco U.S. Coast Guard All wildlife
Ano b~uevo Island San Marco U.S. Coast Guard All wildlife
South San Francisco Bay Refuge-Anderson______Santa Clara Private Conservation Shorebirds and waterfowl
Greco Island .San Marco Private Conservation Shorebizds and waterfowl
Newark Slough-Dumbarton Point ~ameda Private Conservation Shorebirds and waterfowl
Richardson Bay , Maria Private Conservation Shorebirds and waterfowl

o
I

A41686 6-61 2,500
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